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INTRODUCTION 
Fertilization investigations with soybeans have been con­
ducted for many years. In the United States, Goessman (1894) 
and Phelps (1902) did some of the earliest work on fertilizing 
soybeans. It has been the opinion of some agronomists that 
soybeans respond to good soil management practices but not to 
yearly fertilizer applications. However, in a recent publication 
Voss (1967) challenged the statement that soybeans do not re­
spond to fertilizer P as much as does corn. He noted that " 
valid comparison could only be made on an energy or value 
basis. There are indications in the Iowa Experiment Station 
data that corn does not respond to any larger degree on soils 
testing above medium In P than do soybeans, Voss (1967) con­
cluded that under systems of top management soybeans would 
respond to applied P in about the same magnitude as corn. It 
appears that more detailed explicative experiments are needed 
to evaluate soybean fertilization problems, Ohlrogge (1960) 
summed up the situation by stating, "many hundreds of field 
fertilization trials on soybeans are reported in the literature, 
but on the basis of the information reported in the papers, 
they bring little understanding to the soybean problem," 
Before defining the objectives of this study it is neces­
sary to examine the results of Miller's and deMooy's studies in 
the past ten years. Miller (1960) reported that his highest 
rates of P and K were giving maximum soybean yields on soils 
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testing low to very low in P and K. The rates used in his ex­
periments did not exceed 112 lbs, P and 212 lbs, K broadcast 
per acre. Phosphorus did not increase yields unless large 
amounts of K were applied, deMooy (1965) initiated further ex­
periments with higher rates of broadcast P and K and maximum 
yields were attained at approximately 500 lbs. P and 500 lbs, K 
per acre, deMooy proceeded to a pot experiment in an attempt 
to define the problem more clearly than he thought possible in 
a field study. 
The pots used were of a large size, 30 lbs, soil per pot, 
and the plants grown in the out-of-doors. Results obtained by 
deMooy indicated that the high rates of P were inducing in­
creased nodulation, resulting in an increased N supply for the 
plants. Substantial yield increases were obtained that were 
associated with increased seed set, which is .known to be re­
lated to the plant's N supply. 
In addition to the high rate studies, deMooy (1962) 
screened 355 soybean lines in an attempt to find genetic ma­
terials that were the most responsive to fertilizer P. He 
chose several lines from the screening and verified, in his pot 
study, that indeed varietal differences in P responsiveness do 
exist, as have other investigators. 
The objective in this study was to examine and verify the 
conclusions reached by deMooy (1965) by means of field and 
laboratory experiments. It is well known that pot culture 
experiments often give results that are mere artifacts of the 
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artificial environment to which the plants are confined. For 
example it is known, that pots confine the plant roots to a 
limited soil volume and that the soil within a pot becomes more 
completely permeated by the plant roots than in a field situ­
ation. Complete permeation may lead to root binding which 
would produce biased results. 
deMooy (1965) mixed the fertilizer with the entire amount 
of potted soil, so that the whole rooting volume of the plants 
was fertilized. Certainly any plant grown under field con­
ditions would never grow in only fertilized soil. Uptake of 
nutrient elements, particularly those added in the fertilizer, 
would be seriously affected. Also in a pot culture experiment 
optimum moisture conditions always prevail, whereas in most 
field situations the plants must depend on rainfall and soil 
moisture reserves. The frequent wetting and drying cycles 
occurring in the pots as a result of the daily watering and 
rapid depletion by the plants could lead to an altered root en­
vironment with regard to nutrient uptake, nodulation, and 
nutrient availability both of inherent and applied nutrients. 
Hence, the first objective of these experiments, to test the 
conclusions drawn from deMooy's pot study, is certainly in 
order. 
Further selection of soybean lines that are most responsive 
to P fertilization was the second objective. Genetic material 
for consideration was obtained from the screening made by 
deMooy in 1961. 
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The third objective was to try a field method of P ferti­
lization that would simulate the conditions of high rates of 
broadcast P and yet remain economically feasible. The thought 
being, that placing high P concentrations in the primary zone 
of nodulation might give the same effect as high rates of 
broadcast P, if indeed the benefits of the P were coming indi­
rectly through nodulation and N effects. 
These were the objectives of the study and the remainder 
of the manuscript deals with the execution of the experiments 
and the interpretation of the results. 
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LITERATURE REVIEW 
The soybean plant is a member of the Leguminosae family 
and of the genus and species Glycine max (L.) Merrill, It is 
an annual legume with a well defined main stem, and branches 
from the lower nodes. The flowers are borne in axillary racemes 
and flowering begins at the base of the main stem progressing 
toward the tip. Pods can contain up to 5 seeds but the normal 
range is 1 to 4. Soybeans are self pollinated and very sensi­
tive to day length changes. Numerous varieties have been 
developed for the various day length zones in the United States, 
The origin of the soybean is reported to be China proper, 
Johnson and Bernard (1962) reported that Nagetz used ethno-
botanical principles to determine that the soybean was intro­
duced from China to Japan via Korea during the period up to the 
third century. As one may suspect the soybean evolved on quite 
infertile soils and natural selection seems to have increased 
its ability to do moderately well on even the poorest of soils. 
Certain researchers have pointed out, that having evolved on 
infertile soils, may be a major factor in the small fertilizer 
responses that are obtained with soybeans. 
It is also significant that soybeans were considered prima­
rily a hay crop in the United States up until 1940, when hay 
acreage equaled acreage for seed production. By 1966, however, 
the United States was producing over 900,000,000 bushels of 
soybean seed which is 3/4 of the world's production. The seed 
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is produced for its oil and protein content which average 21% 
and 40% respectively. On the basis of these facts it is obvious 
that at the present time soil fertility studies should be taking 
a different tack than in earlier years. Producing seeds of high 
oil and protein content certainly requires a different approach 
than forage production. In fact it has been known for 60 years 
that soybean hay yields are quite easily influenced by fertilizer 
as shown by Goessman (1894) and Phelps (1902), However, seed 
yields are not so readily influenced by fertilizer applications 
as shown by Bureau (1953), Miller (1960), deMooy (1965), and 
Walker (1966). 
Soybean Fertilization 
Oldham (1966) reported two possible reasons for small 
responses of soybeans to fertilizer: 1. Soybeans store energy 
as oil or protein, requiring twice as much energy as starch 
storage in corn. 2. Soybeans are self pollinated so no hybrid 
lines are available, whereas in corn it is known that hybrids 
respond more than open pollinated lines. Walker (1966) reported 
no response of soybeans to applied fertilizer but highest yields 
on soils with the highest soil test values. Ohlrogge (1960) 
reported that in Illinois and Indiana, state soybean yield 
averages were consistently 40% that of corn and that beans made 
percentage gains in yield comparable to corn for the years 
studied. Data such as these may be a result of increased ferti­
lizer usage on corn. In a comparison of soybean and corn 
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fertilizer response data, Voss (1967) concluded that if the 
crops were compared on a value basis they responded equally to 
P application on soils testing medium and lower in soil P level. 
With the controversial soybean yield response issue in mind, 
let us examine fertilization data dealing with various nutri­
ents. 
Since soybeans are a leguminous crop little N fertili­
zation work has been reported. Possibilities for N fertili­
zation seem to exist, however, since Alios and Bartholomew 
(1959) indicated that only 1/2 to 3/4 of the N required for 
maximum yields is supplied by symbiotic fixation. One problem 
has been the decrease in nodule effectiveness when combined N 
fertilizer are applied. Lyons and Earley (1952) reported that 
applied N reduced nodule numbers in a dry year and had little 
effect on nodulation numbers in wet years. However, in the wet 
years the applied N did not increase yields above the well 
nodulated check yields. 
Phosphorus fertilization data as cited by Ohlrogge (1960) 
in his review paper does not appear to be conclusive. Decreases 
in yield with P application were reported by Bureau (1953). 
Ohlrogge (1960) quotes Wilkinson as having found significant 
early response in dry weight and total P content, but little 
grain yield increase. This is a point that bears out the 
difference in fertilization programs geared for hay production 
or for seed yield. The subject of P fertilization will be con­
sidered in greater detail at a later point in the review. 
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Fertilization with K has been shown to be more rewarding 
than the other nutrients considered. Ohlrogge (1960) quoted 
Nelson who, while working in the southeast reported substantial 
yield increases. Ohlrogge (1960) pointed out that responses to 
K have not been as consistent in the Midwest. Such a statement 
may have credence in that southeastern United States soils are 
notably more K deficient than midwestern soils. Miller (1960) 
and deMooy (1965) reported yield responses on soils testing 
very low to medium in K. 
Liming seems to be necessary for the most effective nodu-
lation conditions. However, comprehensive studies on liming of 
soybeans are not reported in the literature. Optimum pH levels 
cited in the literature and popular farm magazines range from 
5.9 to 6.9, but little or no experimental data are available 
upon which to base a decision. Calcium is required by the 
Rhizobia in N fixation, but is not limiting in most cases. 
Vincent (1965) states that soil acidity is likely to be a larger 
factor in Rhizobia survival than is Ca supply, and the 
bacteria's specific Ca requirement is extremely small compared 
with that of the host plant. 
Before discussing soil fertility and fertilizer placements 
any further it would be well to examine the rooting habits of 
the soybean plant. Weaver (1922) stated that, "an exact 
knowledge of the root development of crop plants, of their 
position, extent and activity as absorbers of water and solutes 
at various stages of growth, is of paramount importance to a 
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scientific understanding of plant production. A knowledge of 
root systems is again fundamental in the scientific application 
of fertilizer. In fact, it should furnish the criterion not 
only for time and amount, but also in regard to the manner and 
depth of such application". 
Soybeans have a tap root system that has a potential - -
rooting depth of at least 5 feet. However, most of the root 
system lies in the upper two feet of soil. Martin and Leonard 
(1949) stated that root growth continues until the seed develop­
ment stage and then root weight decreases occur. Borst and 
Thatcher (1931) reported that differences in soybean root pene­
tration were related to soil type, however, most of the soybean 
roots in all soils occurred in the surface 18" of soil up until 
the end of flowering. From photos in the Borst and Thatcher 
article it appeared that nodulation was concentrated around the 
primary root just beneath the soil surface. Nodules were found 
to a depth of 1 foot, but only in small quantities. The lateral 
spread of soybean roots is approximately a circle with an 18" 
diameter. In contrast Martin and Leonard (1949, pp, 735-754) 
stated that corn had a lateral root spread of over 6', Another 
obvious difference between corn and soybeans is the completely 
fibrous root system of the corn plant with all roots of second­
ary origin, compared to the primary root that dominates the 
soybean root pattern. 
Having looked at the root patterns of soybeans and corn, 
it is obvious that their root systems differ; perhaps to the 
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point that different fertilizer placement systems are needed 
for most efficient fertilizer usage. For example the typical 
2"x2" row placement of fertilizer used for corn might not be 
adequate for soybeans with its primary tap root system, Webb 
(1953) reported that P uptake, as measured by a P32 tracer, was 
greater with the placements directly below the soybean seed 
than in a side band. In the middle of June, 58% of the plant's 
total P had come from the fertilizer placed below the seed, 
compared to 27% when the fertilizer was sidebanded. Because of 
the tap root system, soybeans appear to have greater access to 
materials placed at greater depths, Menzel et al. (1967) using 
Sr-85 showed that uptake from a 50 cm, depth was only slightly 
reduced from that obtained near the soil surface. These data 
indicate that perhaps deeper placement of fertilizer in soil 
horizons that are at adequate moisture levels later in the 
season, would be benefical for the soybean crop. Such a 
statement takes on greater significance when one considers that 
under dryland conditions the fertilizer in the surface 6" to 8" 
of soil is probably inaccessible because of moisture deficien­
cies for one-half of the growing season. In addition it has 
been shown by Bureau et al. (1953) and Welch et al. (1949) that 
soybeans continue to absorb much P late in the season compared 
to the com crop, if it is available. 
It is also necessary to consider nodulation properties of 
the soybean when dealing with fertilizer placement. Soybeans 
have their zone of nodulation concentrated about the primary 
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root, usually to depths less than 8" with seemingly small lateral 
spread. If indeed P fertilization is contributing much of its 
influence through nodulation increases, a zone placement of 
fertilizer near the soil surface surronding the primary root 
would be a logical position of placement. However, positional 
unavailability of the P due to drought could easily occur with 
this method» Deep placement, although seemingly quite availa­
ble to soybeans and perhaps even allowing for P uptake in late 
growth stages, may not be the answer to P fertilizer placement 
for beans if nodulation responses are important, since nodulation 
seems to be concentrated near the soil surface. 
Phosphorus Fertilization 
Field experiment data from Midwest State Experiment Stations 
have painted a bleak picture with regard to P fertilizer re­
sponses unless the soils in question were extremely low in 
native P. Kamprath and Miller (1958) conducted a survey which 
led to the conclusion that lowest average yields were in the 
lowest soil P category and the highest yields in the highest 
soil P category. Walker (1966) reported that applied P did not 
influence yields, but that yields were highly related to soil P 
tests. Bureau et al» (1953) reported a depressive effect on 
yield when 50 lbs. P2O5 P^r acre were applied. However, their 
results may have been confounded by the blanket application of 
8 ton of manure per acre prior to applying the treatments. Such 
an application could have added 40 lbs. P2O5 acre, thereby 
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raising check plot yields. Miller in 1960 reported little or 
no yield increase due to broadcast P fertilizer even on soils 
testing very low to medium in P. It has been reported by deMooy 
(1965) that no appreciable yield response to broadcast P was 
obtained at either the Howard County or the Carrington-Clyde 
Experimental Farms on soils testing low in P. 
Plant analyses become a useful tool in assessing the 
effects of fertilization. Consideration must be given as to 
which plant part to sample and at what stage of development to 
sample it. Ulrich (1943) emphasized that the sensitivity of 
plant analysis depended upon the plant part sampled, the par­
ticular fraction of the nutrient determined, and the position 
on the plant from which the sample was selected. Lundegardh 
(1951) stressed the importance of adhering to sampling at well 
defined physiological growth stages. 
In corn, Tyner and Webb (1946) determined that analysis of 
the sixth leaf from the base of the plant was an adequate indi­
cator of the plant's nutrient status and it was easily recognized 
in the field during the sampling operation. The latter point, 
of being easily recognized in the field, is a desirable attribute. 
Miller (1960), with the above criteria in mind, initiated 
studies to determine which plant parts were useful in assessing 
the nutrient status of soybeans. The upper leaves of the plant 
were found to be the most logical parts to use for the following 
reasons: 1. Plant leaves play a major role in nutrient storage, 
while petioles function largely as conducting tissue and may be 
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more easily influenced by temporary environmental changes, than 
the leaves. 2, Upper leaves are most convenient to sample in 
a field situation. Kalton et al. (1949) have defined the 
soybean life cycle in 10 stages of growth, which are useful in 
pinpointing the "physiological time" with regard to leaf sampling 
dates. 
Using plant analyses as a means of evaluating the effects 
of P fertilization may indicate why responses to P are not of 
large magnitude. It will be necessary to look at content of P 
in soybean plants as reported by other workers in order to 
establish what is adequate or deficient for producing maximum 
yields. 
Mederski (1950) reported that one month after planting 
(Stage 2) soybean leaves from the highest P treatments contained 
0.67% P and the total tops 0.65% P. Six days before flowering 
the leaves contained 0.74% P and the total tops 1.05% P. deMooy 
(1965) reported a leaf P content of 1.20% P at stage 1. These 
are extremes in P content. In his review article Ohlrogge 
(1960) indicated that the literature showed maximum P concen­
trations in field grown beans were only about 1/2 those reported 
in nutrient solution studies. He quoted several authors who 
found the most common concentrations in total soybean tops on 
fertile soils to be 0.25 to 0.35% P in the prebloom period 
(Stages 1 and 2). Ohlrogge (1960) suggested that an optimum 
range for total tops at growth stage 2 was between 0.25 and 0.45% 
P, 
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From stages 3 through 7 Mederski (1950) found a maximum of 
0.74% P in the upper leaves and 1.14% P in the total tops. 
deMooy (1965) obtained as high as 1.50% P in leaves at growth 
stage 5. In the field Ohlrogge (1960) found and reported a high 
of 0,43% in the total tops at growth stages 3 and 4. The most 
commonly reported range was 0,25 to 0.35% P at growth stage 4 
on a fertile soil. 
From growth stage 7 and later, Mederski (1950) found "maximum 
contents to be 0.76% P in the upper leaves and 0.54% P in the 
total tops in his pot culture study. deMooy (1965) reported 
maximum concentrations of 0.65 and 0.95% P at stage 7 depending 
on the variety in question, Ohlrogge (1960) indicated that, 
for field grown beans, an optimal range for total tops exclusive 
of seed at growth stage 7 would be 0,25 to 0.35% P. 
The fact that P is mobile in the soybean plant was recog­
nized at an early date. Borst and Thatcher (1931) showed a 
decline in P concentration in leaves, stems, and pods of beans 
after the parts were fully developed, Mederski (1950) and 
Hammond et al, (1951) pointed out that 40 to 80% of the seed P 
may have been translocated from pods, stems and leaves, Mederski 
also showed that removing P from the nutrient solution at full 
bloom on high P treatments did not reduce seed yield. Excess 
or luxury absorption of P prior to this time and translocation 
of the accumulated P were sufficient to obtain maximum yields. 
Fertilizer data with tagged P would indicate that absorption 
is continuing later in the season by soybeans as compared to 
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corn. Bureau et al. (1953) reported that 83% of the recovered 
P was taken up in the 39 days between late full bloom (Stage 
6.5) and just before leaf fall (Stage 10). Welch et al, (1949) 
reported that fertilizer P availability was high toward the end 
of the growing season for soybeans. The bulk of the fertilizer 
P was taken up 2 to 3 months after application. Work by Krantz 
(1949), Welch et al. (1949) and Webb (1954) showed recoveries 
of fertilizer P that exceeded 50% for banded treatments. Data 
such as these indicate little difficulty in getting the P into 
the plant tissue. Coupling this information with the data of 
deMooy (1965), which predicted maximum yields at extremely high 
rates of fertilization, it can be concluded that perhaps 
supplying sufficient P for the plant's need is not the problem, 
but that large amounts of P are required for other functions, 
such as root nodule stimulation. 
In. discussion of P fertilization it is necessary to in­
clude information on the phenomonen known as P toxicity that 
has been reported in soybeans grown at high P levels. Howell 
(1954) working with P levels in pot culture on soybeans observed 
that at high P concentrations, Lincoln soybeans were adversely 
affected. Howell and Bernard (1961) described the symptoms as 
a reddish brown marginal band on the cotyledons, which eventu­
ally encompassed them. Similar symptoms developed over primary 
and trifoliate leaves in interveinal areas. Howell's data 
(1954) indicated that a reduction in growth accompanied the 
symptoms. In 1961 Howell et al. grouped forty four varieties 
16 
into 5 categories according to their response in high P media. 
Several commercial varieties were very sensitive to the P 
treatments. Foote and Howell (1964) reported that the symptoms 
of toxicity appeared when the plants contained more than 1.2% P 
on a dry weight basis. 
Fletcher and Kurtz (1964) investigated the possibilities 
that the so called "P toxicity" was an induced micronutrient 
deficiency. Their data did not indicate an Fe chlorosis and 
indeed the symptom was not typical of such. Manganese content 
was increased by P additions, but never to a toxic level. Zinc 
analyses were not made on any of the plant samples. In view of 
the fact that high levels of P are known to induce Zn deficien­
cies in other crops as shown by Burleson et al. (1961) and Langin 
et al. (1962), it seems worthwhile to compare the "P toxicity" 
symptoms with those of a Zn deficient plant. Nelson and Barber 
(1964) stated that Zn deficient plants fail to attain natural 
size. Interveinal leaf areas become chlorotic, with the most 
severe symptoms on the lower leaves, Chlorotic tissue may 
eventually die and become brown. An overall field view would 
indicate a bronzing effect. These symptoms could be the same 
as those described by Howell and Bernard (1961) depending on a 
person's interpretation of color in describing symptoms. 
deMooy (1965) observed symptoms on potted soybean plants 
that received high rates of P. The description given was a 
distinct interveinal leaf discoloration. Other symptoms were 
brown necrotic specks on the surface of the cotyledons, while 
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the trifoliate leaves turned yellow-brown and assumed a cup-
shaped form. These are not the same symptoms described by 
Howell et al, (1961). In addition they reported a yield re­
duction and plant set-back due to the toxicity. deMooy (1965) 
in contrast found the plants with the most severe symptoms 
producing the highest dry matter and seed yields. Perhaps 
deMooy (1965) did not have a "P toxicity" as described by 
Howell and Bernard (1961). In fact deMooy's symptom could be a 
misnomer because a "toxicity" would indicate deleterious effects 
that he did not observe» To further complicate matters, Weber 
and Dunleavy (1965) stated that disease symptoms associated 
with high P levels on soybeans could be induced by a growth 
stimulation of a bacterium which depleted the plant's N supply. 
The question that continues to come up, is why did deMooy 
get yield responses even though the plants were chlorotic and 
seemingly unhealthy? At this point an investigation will be 
made of the effects of P fertilizer on the Rhizobium bacteria 
that infect the roots and fix N in symbiosis with the soybean 
plant. 
As early as 1918 Fellers reported that P fertilization in­
creased nodulation in soybeans, and that the response was most 
pronounced on limed soils. However, Perkins (1924) did not 
observe increased nodulation due to P in a pot culture study. 
Control cultures with no P but with K applied gave the largest 
nodulation numbers. Helz and Whiting (1928) reported that rock 
phosphate applications of 150 and 300 lbs. per acre stimulated 
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nodule production, but that applied N decreased nodule numbers. 
It was shown by ScanIan (1928) that applications of Ga on acid 
soils greatly improved modulation in soybeans, and that acid 
phosphate had lesser effects on increasing nodule numbers. 
Positive interactions of P and Ca were indicated by the data. 
From 1928 until 1941 work essentially stopped with regard 
to phosphorus effects on soybean root nodulation, Luedecke 
(1941) using pot culture techniques fooind that P enhanced the 
weight of nodules more than root weights. Phosphorus also in­
creased nodule numbers, and increased the nodule N fixing 
efficiency. Vyas and Desai (1953) working with peas in pot 
culture showed that P fertilization increased the number of 
nodules, and significantly increased the N content of the 
plants and nodules. It was shown by Bjalve (1960) in experi­
ments with peas that nodule formation and seed yield increased 
with increasing P application. Nitrogen content of the plants 
was also increased as P applications were increased. Most 
recently deMooy and Pesek (1966) showed highly significant re­
sponses in nodule numbers, weight and leghemoglobin content of 
the nodules due to P fertilization. Maximum nodulation required 
very high P rates and coincided with the P rates needed for 
maximum yield of seed. The percentage of N in the plant leaves 
was also at a maximum point where nodulation was at its maximum. 
Weber (1966) verified that nodule number and size were directly 
related to increased N fixation and nodule mass. 
It should be noted that much of the literature just cited 
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deals with pot experiments and not with field data, deMooy 
(1965) in field experiments with high rates of broadcast P 
found little or no effect on N percentage in the soybean 
leaves. It appears that more refined experiments would be in 
order to better evaluate P effects on nodulation and plant 
composition in field situations. 
The plant's N supply is highly related to the number of 
pods that are set. Since a soybean plant only sets 25% of the 
potential pods a tremendous opportunity exists for increasing 
yields, Thornton (1946) reported that adding N to well nodu­
lated plants increased yields. Indicating that the symbiotic N 
fixation process was not supplying enough N for maximum yields, 
Lathwell and Evans (1951) indicated that soybeans grown in pot 
culture did not accumulate enough N up to midbloom to suffice 
for subsequent growth. High levels of N at the bloom stage 
were necessary for obtaining maximum yields. Yield was highly 
correlated with the amount of N accumulated by the plant 
throughout its life cycle. The amount of N available determined 
the number of pods retained by the plants and this in turn de­
termined the yield. Further evidence that N supply is highly 
related to yield was given by Erdman and Means (1952) in a survey 
of inoculated legumes. Total yield was highly correlated with 
the amount of N recovered by analysis. 
Undoubtedly any means of increasing the N supply in the 
soybean plant would be beneficial in increasing yield. Certain­
ly the data cited thus far lend much credence to the idea that. 
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if P would increase nodulation, which in tiirn would increase 
the nitrogen supply, a substantial yield effect would be ob­
tained. 
Differential Responses to Fertilizer 
It has been noted that not all varieties of a species 
respond similarly when dealing with fertilization of field 
crops, Jones (1960) concluded that some lines of com have 
lower K requirements than others and are more sensitive to high 
K levels. Goodall and Gregory (1947) found that the chemical 
composition of corn varieties was affected by differences in 
ability to absorb nutrients» 
In soybeans Howell (1954) was the first to report that 
there were marked varietal differences in yield response over a 
wide range of P treatments. Howell and Bernard (1961) classi­
fied forty-four soybean varieties on the basis of differences 
in sensitivity to high rates of P fertilizer, Fletcher and 
Kurtz (1964) showed that Lincoln and Chief soybean varieties 
were differentially responsive to P applications. It was re­
ported by Dunphy et al, (1966) that certain plant introduction 
lines were outstanding in their ability to respond to P and K 
fertilizers and that these differences were consistent from 
year to year. They also observed that the highest yielders 
were the most responsive varieties, deMoby (1962) also de­
termined that various plant introduction lines were more re­
sponsive than others, in a screening of 355 such lines. Pot 
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studies by deMooy (1965) proved indeed that these plant intro­
duction lines have different abilities for responding to applied 
phosphorus. Nutrient content and nodulation responses were also 
differentially affected. 
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EXPERIMENTAL PLANS AND METHODS 
The experimental procedures used in 1965 and 1966 will be 
described in detail in the following section. The two major 
divisions of the section will be the field and the laboratory 
procedures. Subdivisions of each major portion will undoubtedly 
overlap, but only to the extent deemed necessary for clarity. 
Field Procedures 
1965 
In 1965 two major experiments were performed, the first 
relating to the yield response of soybean varieties to P ferti­
lization and the other to zone placement of P fertilizer. The 
experiment involving soybean lines and varieties will be re­
ferred to as the "Variety Study" from this point forward. It 
consisted of growing 25 soybean lines and varieties at two 
levels of applied P. The experiment was conducted on the 
Agronomy Farm at Ames on a Webster silt loam. The varieties 
studied were selected from the 355 lines screened by deMooy 
(1962). It appeared in his data that those lines containing 
maximum N and P in the leaves at the end of flowering were the 
most responsive to P fertilization. Of the 21 lines listed in 
Table 1, approximately one-half had low N and P leaf contents 
and the other half substantially higher levels. Four commercial 
lines, which are also listed in Table^ 1, were included as bio­
logical standards for comparison purposes. 
Phosphorus levels used were limited by the amount of seed 
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Table 1. The relative N and P status of the upper leaves at 
stage 7 of the soybean varieties grown in the 
"Variety Study" at the Agronomy Fam at Ames, Iowa 
in 1965, 
Varieties having low Varieties having high Commercial 
N and P contents N and P contents varieties 
P.I. 68748 Pol. 68600 Chippewa 
P.I. 70242 P.I. 70023 Harosoy 
P.I. 71850-1 P.I. 80536 Amsoy 
P.I. 73587 Pol. 86102 Hawkeye 
P.I. 84957 P.I. 86878-2 
P.I. 88805-2 P.I. 88479 
P.I. 200479 P.I. 88787 






available for planting. In order to get two replications of 
the basic design, only a check and a 500 lbs, P per acre level 
were possible. To facilitate the physical layout, a split plot 
in a randomized block was chosen as the experimental design. 
The whole plots were the broadcast P treatments and the varie­
ties were the subplots randomized within each whole plot» Two 
replications of the design were used. Subplots consisted of a 
40-inch row, twenty feet in length, while the whole plots were 
composed of 25 of these single row subplots, and only the whole 
plots were bordered. 
The soil in the experimental area was sampled, and two 
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composite samples were taken from each whole plot, consisting 
of 14 cores each. Analyses of the soil samples were made by 
the Iowa State University Soil Testing Laboratory. A uniform 
application of 500 lbs, K per acre as 0-0-60 was made on all 
plots prior to planting and incorporated by disking to a depth 
of 6 inches. The P applications were broadcast at the rates 
mentioned above as 0-46-0 and also incorporated to a depth of 
6 inches. 
The soybeans were planted on May 11, 1965 at the rate of 
11 seeds per foot of row with a Colimbia garden seeder. 
Emergence occurred on May 16. 
Leaf samples were taken on each variety as it reached 
growth stages 3, 5, and 7 as defined by Kalton et al. (1949). 
Each sample consisted of 20 of the most recently matured upper 
leaves, as described by Miller (1960). In addition plants from 
two feet of row were cut at ground level at stage 7 as an esti­
mate of total dry matter accumulationo All plant tissue samples 
were dried at 65^0, in a forced air dryer. They were ground in 
a Wiley mill and stored in glass bottles until the chemical 
analyses could be completed. 
Maturity and lodging data were recorded as each variety 
reached physiological maturity which is defined by Kalton 
et al, (1949) as the time when 95% of the pods are brown. Seed 
yield measurements were made by harvesting plants from 16 feet 
of row and threshing each sample in a small plot thresher. 
Weights were taken on the seed yield after drying to 10% 
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moisture in forced air dryers. 
An experiment to determine the effects of zone-placed P 
on yield and nodulation of soybean lines was also conducted in 
1965 at the Agronomy Farm on a Webster silt loam soil. Three 
plant introduction lines used by deMooy (1965) in his pot 
culture study plus three commercial lines were grown in this 
experiment. These plant introduction lines, P.I, 88805-2, P,I. 
200479, and P,I. 60296-1 were used to make possible a comparison 
of the field data with deMooy's results, Amsoy, Harosoy, and 
Hawkeye were included as biological standards for comparison, 
plus an interest in their response to zoned P placement. 
Three concentrations of P in the zone of application were 
used; 0, 300 and 600 pp2m of P. Phosphorus as 0-46-0 was 
spread in a 6-inch band along the ground surface and then in­
corporated to a depth of 6" with a garden rototiller. The 
result was that the fertilizer was thoroughly mixed in a 6"x6" 
zone of soil. Two passes were made with the tiller through 
each plot to insure a good mix of fertilizer and soil. 
deMooy's data suggested that perhaps addition of large 
numbers of bacteria by heavy inoculation would result in in­
creased nodulation as did the addition of P fertilizers. If 
this were true it would indicate that P was having an effect on 
nodulation by stimulating increases in the bacterial population. 
If the P and inoculation treatments proved to be additive in 
their effects, P could be contributing in another way. This 
could be either bacterial stimulation or stimulation of host 
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receptivity. In order to achieve this end, 600 times the 
recommended amount of "Nitragin" inoculum was applied on one-
half of the plots. Because this amounted to a sizeable mass of 
organic material in terms of the peat carrier, noninoculated 
peat material was added to the check plots to maintain uniform 
conditions throughout the experiment. Two thirds of the inocu­
lum was rototilled into the fertilizer zone with the applied P, 
and the remaining one third was applied as a slurry treatment 
on top of the planted seed. The noninoculated peat was applied 
in the same manner as the inoculum. 
In this experiment a split-split plot with the whole plots 
arranged in a randomized block design was employed. The whole 
plots were the phosphorus treatments, inoculation treatments 
were in sub-plots, and the varieties were in sub-sub-plots 
within the inoculation treatment sub-plots. Each sub-sub-plot 
consisted of two 40 inch rows twenty feet in length. The sub­
plots consisted of six of the sub-sub-plots with whole plots 
being made up of twelve of the sub-sub-plots. The basic design 
was repeated in three blocks. Soil samples, consisting of 14 
cores per sample, were taken from each of the sub-plots. 
Analyses were made by the Iowa State University Soil Testing 
Laboratory. A uniform application of 500 lbs. K per acre as 
0-0-60 was incorporated by disking to a depth of 6 inches prior 
to the P fertilizer placement. 
The soybeans were planted at the rate of 11 seeds per foot 
of row on May 13, 1965 with a Columbia garden seeder. The seeds 
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were planted directly in the fertilized zone at a depth of one-
inch. Leaf samples were taken at growth stages 2, 3, 5, and 7 
plus a total dry matter sample at stage 7. Procedures for plant 
sampling were as described previously for the "Variety Study", 
At stage 7 a root sample for nodule count and weight was 
taken, A sampler developed by Stucker and Frey (1960) for oat 
root measurements was adapted for this purpose, Plate 1 shows 
the sampling tool and the hammer for driving it to the desired 
depth. The dimensions of the samples were; width = 18", 
length = 6", and height = 24", To take a root sample, the 18" 
side of the sleeve was set perpendicular to the row, over the 
plant stubs previously cut for the total dry matter sample, and 
driven into the soil to a depth of 8". By digging beside the 
sleeve and tipping it, a square break was obtained at the bottom, 
and the sampler with its contents was removed from the row. By 
means of a canvas spout the sample was transferred to a large 
double layer paper bag for storage at 40OF, until washing could 
be accomplished. Using a system of soaking tanks, screens and 
water pressure, the soil was washed away from the roots and 
nodules. Remaining rock and hard soil aggregates were separated 
from the nodules by a flotation process, since the nodules were 
bouyant in nature. After drying at 65®C. the nodules were hand 
sorted, counted and weighed. 
Maturity and lodging data were obtained as in the previ­
ously described "Variety Study", Seed yields were determined 
by cutting plants from 32 feet of row in each sub-plot and 
Plate 1. Sampling sleeve and hammer used for estimating root nodulation properties 
of soybean varieties. 
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threshing with a small plot thresher, weights being taken as 
described previously. 
1966 
In 1966 further zone placed P studies were conducted. 
However, inoculation treatments were omitted for reasons to be 
discussed at a later point. The locations of the experiments 
were the Agronomy Farm at Ames, the Clarion-Webster Experimental 
Farm at Kanawha and the Carrington-Glyde Experimental Farm at 
Independence, Iowa, These sites were chosen because the varie­
ties to be studied in the experiments were adapted to this 
general climatic region, and it was deemed desirable to have 
three locations to minimize the possibility of drouth effects. 
Plant introduction lines that appeared to be responsive to 
P fertilization were chosen from the "Variety Study" in 1965 on 
the basis of reasons to be discussed in the Results Section. 
Four lines, P.I. 200479, P.I. 70242, P.I. 86102, and P.I. 68600, 
plus Amsoy and Harosoy as standard commercial varieties were 
used. Phosphorus concentrations in the fertilizer zone were at 
five levels, 0, 150, 300, 600, and 1200 pp2m P. A split plot 
with the whole plots arranged in a randomized block design was 
used. The basic design was repeated in three blocks. From ex­
perience gained in 1965 it was decided to use varieties as 
whole plots and the P treatments as sub-plots. This allowed 
for more precision in the estimation of P effects than was 
possible in the 1965 experiments. Soil samples consisting of 
12 cores composited per sample were taken from each variety 
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whole plot. Analyses were made on these samples by the Iowa 
State University Soil Testing Laboratory, 
The zone placement of the P was managed as described in 
the 1965 experiments. A basic application of 500 lbs. K per 
acre was made as KHGO3 to avoid possible chloride toxicities 
that could occur with KGl. Leaf samples, total dry matter, and 
nodule data were collected as in the 1965 experiment. However, 
only two blocks were sampled at each site for nodule counts and 
weights. The number of root samples that could be readily 
processed was a limitation to sampling all blocks at all sites. 
Harvesting was accomplished as in 1965. Maturity data were 
taken only at the Agronomy Farm because of the traveling 
distance to the other farms. Lodging scores were not recorded 
because it appeared that P treatments had little or no effect 
on lodging. Varieties were somewhat different with the P.I. 




Seed weight per 100 seeds was determined on seeds from 
each plot by use of a counting board and balance. Oil and 
protein analyses were made by the U.S. Regional Soybean Labora­
tory at Urbana, Illinois on composite samples from each 
treatment at each location in both 1965 and 1966. 
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Chemical analyses of vegetative tissue 
The plant samples were ground in a small mill prior to 
analysis. In 1966 stainless steel screens were used in the mill 
to prevent micronutrient contamination. All leaf samples and 
total dry matter samples from each experiment in each year were 
analyzed for total N, P, and K. (Hanway ca, 1962). Each sample 
was heated in an oven for at least 24 hours at ôS^ G. prior to 
weighing the 0.5 g. samples for digestion. Wet-ashing the 0,5 
g. plant sample in 10 ml. of concentrated sulfuric acid in the 
presence of a copper catalyst required approximately 24 to 36 
hours. The digested samples were diluted to a final volume of 
100 ml. with distilled water. Nitrogen determinations were 
made on a 5 ml. aliquot of the sample digest by the method 
described by Bremner and Keeney (1965). Phosphorus was de­
termined colorimetrically on a 5 ml. aliquot by a modified 
vando-molybdate method. Potassium was determined on a 5 ml. 
aliquot with a flame photometer. 
Zinc and Mn analyses were performed on leaf samples from 
two blocks of the Clarion-Webster site at growth stages 2, 3, 
5', and 7 on the Amsoy, P.I. 68600 and P.I. 91150 varieties, at 
all levels of applied P. A dry ashing procedure with 1 g. 
samples was employed in sample preparation. The plant sample 
was placed in a 50 ml. Pyrex beaker and brought slowly to 
550°C. in a muffle furnace over a period of 4 hours. After 
cooling, 5 ml. of 5N HNO3 were added to the ash and evaporated 
without splattering to complete dryness. Then the evaporated 
33 
sample was again brought to 550®C, for 2 hours in the muffle 
furnace, cooled, and brought to a total volume of 20 ml. by-
adding 5 ml. of IN HNO3 15 ml. of O.IN HGl, All HGl and 
distilled water used as reagents were glass distilled to pre­
vent contamination. The Zn and Mn analyses on the digests were 
made by the University of Nebraska Soil Testing Laboratory on 
an atomic absorption spectrophotometer. 
Statistical analyses 
As stated earlier a split plot experimental design or 
modifications of it with the whole plots arranged in randomized 
blocks was used in each experiment. An analysis of variance 
was computed for each factor measured in each experiment in 
each year. In 1966 a combined analysis of variance was calcu­
lated over all sites on each factor measured. All computations 
were done by the Iowa State University Statistical Laboratory, 
In the 1966 experiments on analysis of variance was made 
on the 0, 150, and 300 pp2m P treatment levels disregarding the 
600 and 1200 pp2m P treatments. This was justified because all 
treatments were randomly allocated and therefore any part or 
parts of the experiment could be analyzed independently» The 
disadvantage is the loss of error degrees of freedom, when the 
reduced analysis is performed. Linear and quadratic mean 
squares of the P by individual variety interactions were 
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computed using orthogonal polynomials and in addition the associ­
ated linear regression coefficients were calculated. The 
regression coefficients were compared by a set of orthogonal 
comparisons. 
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RESULTS AND DISCUSSION 
The results will be presented and discussed in chronologi­
cal order with regard to years, since the 1966 experiments were 
partially planned on the basis of results obtained in 1965, 
Within each experiment divisions are made according to the 
factors measured, and then all factors will be discussed in 
relationship to each other. Conclusions reached and objectives 
attained will be considered for each experiment. In the 1966 
data a discussion section is included to consider the results 
of the three experiments combined and to investigate the overall 
outcome, 
1965 Variety Study 
The specific objectives of this experiment were: 1, To 
evaluate soybean lines and varieties with respect to their 
reaction to applied phosphorus fertilizers. 2. To determine 
if a relationship existed between levels of N, P, and K in leaf 
tissue at various growth stages and response in seed yield, 3, 
To increase the amount of seed for continuation of experiments 
in future years. 
Only 0,25 lb, of seed was available for each of the 21 
plant introduction lines, and thus the size of the experiment 
had to be limited. It will be apparent throughout the dis­
cussion that the small experimental size seriously affected the 
sensitivity of the statistical tests. It is possible that 
certain treatment effects were not detected due to the lack of 
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precision in estimation. 
Seed yield increases due to P were statistically signifi­
cant at the 5% probability level. The magnitude of the seed 
yields was not large, A yield range from 12,5 to 22.5 cwt,/acre 
was observed. The P.I, 91150 line was the highest yielding 
variety with applied P and P.I, 92460 produced the smallest 
yield with no applied P, The 1965 growing season was droughty 
with no appreciable rainfall during pod filling between July 15 
and August 28, as shown in Table B,1 of Appendix B, Low pre­
season soil moisture reserved accentuated the rainfall shortage 
and hence yield levels were low. An indication of the drought 
severity may be noted in Table 2 showing the standard high 
yielding commercial varieties Amsoy and Hawkeye only yielded 
approximately 19 to 20 cwt./acre. Averaged over all varieties, 
P application increased yield by 1.22 cwt./acre. 
Data in Table 2 show, however, that the varieties were not 
at all similar in their responses to applied P. Maximum re­
sponses of 4.65 and 4.25 cwt./acre were obtained with P.I, 
68600 and 91150 respectively, both of which are in Maturity 
Group II. A response of 4.10 cwt./acre was obtained with an 
early line, P.I, 88805-2, For comparison purposes Amsoy and 
Hawkeye, both in Maturity Group II, responded 0,90 and a -0.55 
cwt./acre. Soybean lines with maturities later than September 
30 relative to a Hawkeye maturity of September 28, did not show 
appreciable responses. However, final judgment as to their P 
reaction status should not be made at this point. During the 
Table 2, Seed yields at two levels of applied P and the mean square associated with 
the yield response of each soybean variety in the 1965 Variety Study con­
ducted at the Agronomy Farm at Ames, Iowa. 
Applied P lbs,/acre 
Yield Variety Mean squares 
Variety 0 500 response means due to P& 
cwt./acre cwt./acre cwt./acre cwt./acre 
P.I. 8805-2 14.95 19.05 4.10 17.00 16.81** 
Chippewa 14.75 16.80 2.05 15.77 4.20 
P.I. 86102 16.15 19.10 2.95 17.62 8.70* 
Harosoy 18.10 19.95 1.85 19.02 3.42 
P.I. 70242 15.10 17.25 2.15 16.17 4.62 
P.I. 73587 17.70 18.80 1.10 18.25 1.21 
P.I. 86878-2 19.00 18.40 -.60 18.70 .36 
P.I. 90570 17.75 18.90 1.15 18.32 1.32 
P.I. 92460 12.50 13.35 .85 12.92 .72 
P.I. 200479 14.15 14.80 .65 14.47 .42 
Hawkeye 19.50 18.95 -.55 19.22 .30 
Amsoy 18.75 19.65 .90 19.20 .81. ^  
P.I. 68600 14.75 19.40 4.65 17.07 21.62** 
P.I. 91150 18.25 22.50 4.25 20.37 18.06** 
P.I. 80536 16.50 18.05 1.55 17.27 2.40 
P.I. 88787 15.55 16.95 1.40 16.25 1.96 
P.I. 89005-4 17,80 18.10 .30 17.95 .09 
P.I. 68748 20.40 19.90 -.50 20.15 .25 
P.I. 88479 17.10 17.75 .65 17.42 .42 
P.I. 92717 16,80 16.70 -.10 16.75 .01 
P.I. 84957 16.20 16.35 .15 16.27 .02 
O^ne degree of freedom 
Table 2, (Continued) 
Variety 

































Sum = 90.92 
Means 16.96 18.18 1.22 
39 
course of the experiment it was apparent that these later 
maturing varieties were at a disadvantage with regard to day-
length. Before eliminating them completely, an experiment 
should be conducted at a lower latitude. 
Statistically speaking, varieties were highly significantly 
different, but the P by variety interaction, seemingly present 
on visual observation of the yield responses, was significant 
at only the 25% level. Undoubtedly with more rates of applied 
P, increased numbers of blocks, and a limitation on the maturity 
span, the precision on the P by variety measurement could have 
been improved. 
Seed yield increases can be accounted for by two factors, 
the weight per seed and the number of seeds set, P fertili­
zation increased the overall seed size by 0,39 g./lOO seeds, as 
shown in Table 3, and the increase was significant at the 25% 
probability level. This am^ ounted to a 2.6% increase over the 
seed weight of the control. Seed yield increases due to P 
fertilizer were 7.4% of the check yield. The remaining yield 
increase was explained by an increase in the number of seeds 
set per acre. Seed set increases due to P application were 
statistically significant at the 10% probability level. It 
appeared that response to P fertilizer was most apparent in seed 
set increases, and to a lesser extent with regard to seed 
weight. 
The P by variety interaction was not measureable on seed 
weight but reached statistical significance at the 25% level 
Table 3. Weight per 100 seeds and seed set of each variety as influenced by P application in the 
1965 Variety Study conducted at the Agronomy Farm at Ames, Iowa. 
Variety 
Seed Weight; ; R./lOO seeds No. Seed Set/acre x 10 •3 




Applied P lbs./acre Response Variety 
Means 
0 500 0 500 
LU r 
P.I. 88805-2 15.90 16.90 1.00 16.40 42696 51407 8711 47051 
Chippewa 14.25 14.50 .25 14.37 46995 52630 5635 49812 
P.I. 86102 16.45 17.05 .60 16.75 44630 50870 6240 47750 
Harosoy 16.40 16.85 .45 16.62 50082 53731 3649 51906 
P.I. 70242 13.95 13.95 0.00 13.95 49116 56176 7060 52646 
P.I. 73587 14.40 14.65 .25 14.52 55823 58190 2367 57007 
P.I. 86878-2 17.40 17.55 .15 17.47 49550 47504 -2046 48527 
P.I. 90570 12.70 13.50 .80 13.10 63454 63488 34 63471 
P.I. 92460 13.70 14.60 .90 14.15 41420 41518 98 41469 
P.I. 200479 11.40 11.90 .50 11.65 56295 56432 137 56364 
Hawkeye 17.35 17.80 .45 17.57 51092 48358 -2734 49725 
Amsoy 16.45 16.30 -.15 16.37 51732 54745 3013 53239 
P.I. 68600 14.84 15.20 .36 15.02 45000 57984 12984 51492 
P.I. 91150 14.50 14.95 .45 14.72 57140 68328 11188 62735 
P.I. 80536 17.05 17.95 .90 17.50 43934 45652 1718 44794 
P.I. 88787 14.00 14.10 .10 14.05 50476 54562 5804 52519 
P.I. 89005-4 15.00 15.15 .15 15.07 53874 54224 350 54049 
P.I. 68748 16.85 16.30 -.55 16.57 54970 55442 472 55206 
P.I. 88479 14.50 15.55 1.05 15.02 53544 51826 -1718 52685 
P.I. 92717 13.20 13.20 0.00 13.20 57834 57508 -326 57671 
P.I. 84957 17.55 17.40 -.15 17.47 41902 42637 735 42270 
P.I. 68756 16.50 17.20 .70 16.85 52250 48538 -3712 50394 
P.I. 91102 8.80 9.20 .40 9.00 89808 86586 -3222 88197 
P.I. 71850-•1 13.50 14.10 .60 13.80 57477 60380 2903 58929 
P.I. 70023 15.60 16.05 .45 15.82 54906 53997 -909 54451 
Means 14.89 15.28 52640 54909 2269 
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for seed set. Maximum responses in seed weight were attained 
by the P.I. 92460 and P.I. 80536 lines in the Group II maturity 
selections and P.I, 88805-2 in the earlier maturity group. 
P.I. 88479 made the overall highest gain in seed weight but 
falls into a very late maturity group which was not suited to 
growing conditions at Ames. The response in number of seeds 
set was a maximum for the P.I. 68600 and P.I. 91150 lines at 
1,298,400 and 1, 118,800 seeds/acre respectively. In the 
earlier maturity group P.I. 88805-2 had the maximum response of 
871,000 seeds per acre. Table 3 can be examined for the re­
sponses of the other lines and varieties. 
It should be noted that those lines determined to be most 
responsive in seed yield were also the most responsive in terms 
of seed set. It is evident that the response to P was more 
closely associated with increased seed set than to increased 
weight per seed. 
To facilitate choice and usage of soybean lines, which are 
responsive to P fertilization, without an actual yield test a 
laboratory method of characterization would seem desirable. 
Plant tissue analyses at intervals throughout the life cycle 
were used in an attempt to make such a characterization. 
Levels of three nutrients, N, P, and K were determined at three 
stages of growth, 3, 5, and 7 as described by Kalton et al. 
(1949). 
As shown in Table 4 the general trend of nitrogen leaf 
composition was to increase as plants grew from stage 3 through 
Table 4. Nitrogen content in % N, of the upper leaves as influenced by P fertilization in each 
soybean variety at growth stages 3, 5 and 7 in the 1965 Variety Study conducted at the 
Agronomy Farm at Ames, Iowa, and arranged in order of maturity rating. 
Stage 3 Stage 5 Stage 7 
Variety Applied P Response Applied P Response Applied P Response Maturity 













P.I. 88805-2 4.79 4.77 -.02 5.14 5.10 -.04 4.75 4.74 -.01 Early 
Chippewa 5.00 4.74 -.26 5.43 5.47 .04 5.07 5.35 .28 Early 
P.I. 86102 5.24 4.84 -.40 5.42 5.34 -.08 5.26 5.13 -.13 Medium 
Harosoy 5.27 5.17 -.10 5.49 5.53 .04 5.21 5.29 .08 Early 
P.I. 70242 5.93 5.70 -.23 5.92 5.66 -.26 5.56 5.68 .12 Medium 
P.I. 73587 5.55 5.44 -.11 5.39 5.26 -.13 5.06 4.94 -.12 Medium 
P.I. 86878-2 5.32 5.13 -.19 5.34 5.32 -.02 5.20 5.23 .03 Early 
P.I. 90570 5.94 5.93 -.01 5.66 5.62 -.04 5.24 5.34 .10 Medium 
P.I. 92460 4.93 5.01 .08 5.46 5.45 -.01 4.93 5.02 .09 Medium 
P.I. 200479 5.12 5.08 -.04 5.41 5.26 -.15 4.63 4.79 .16 Medium 
Hawkeye 5.40 4.92 -. 48 5.25 5.30 .05 5.21 5.10 -.11 Medium 
Amsoy 5.38 5.13 -.25 5.46 5.43 -.03 5.28 5.59 .31 Medium 
P.I. 68600 5.36 5.15 -.21 5.38 5.45 .07 5.22 5.22 0.00 Medium 
P.I. 91150 5.53 5.14 -.29 5.49 5.39 -.10 5.02 5.23 .21 Medium 
P.I. 80536 5.12 4.98 -.14 5.34 5.43 .09 5.18 5.10 -.08 Medium 
P.I. 88787 5.05 4.85 -.20 5.47 5.59 .12 5.34 5.46 .12 Medium 
P.I. 89005-4 5.29 5.06 -.23 5.45 5.46 .01 5.24 5.23 -.01 Late 
P.I. 68748 5.17 4.92 -.25 5.23 5.25 .02 4.85 5.10 .25 Late 
P.I. 88479 5.85 5.35 -.50 5.94 5.82 -.12 5.45 5.56 .11 Late 
P.I. 92717 5.32 5.23 -.09 5.55 5.55 0.00 5.42 5.49 .07 Medium 
P.I. 84957 5.55 5.15 -.40 5.45 5.32 -.13 4.39 4.66 .27 Very late 
P.I. 68756 5.39 5.20 -.19 5.59 5.39 -.20 5.03 5.25 .22 Very late 
P.I. 91102 5.81 5.54 -.27 5.04 5.19 .15 4.83 5.01 .18 Very late 
P.I. 71850-•1 5.51 5.39 -.12 5.24 5.10 -.14 4.51 4.62 .11 Very late 
P.I. 70023 5.45 5.58 .13 5.24 5.22 -.02 5.18 5.35 .17 Very late 
Means 5.37 5.18 -.19 5.43 5.40 -.03 5.08 5.18 .10 
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stage 5 and then to decline at stage 7. Physiologically this 
can be explained as N storage in leaf tissue until the first 
seeds were set and then a beginning of the N transfer to the 
seeds at stage 7, when pods are well formed in the lower plant 
and flowering had ceased. The same trend was observed with and 
without applied P. 
At growth stages 3 and 5 P application decreased the per­
cent N in the leaves, with the least decrease coming at stage 5, 
A possible explanation is that P fertilization stimulated the 
soybean plants more at early growth stages, resulting in a 
dilution of the plant's N supply. By growth stage 7 the N con­
tent was greater in the leaves from the applied P treatments 
than in the checks. It is possible that P stimulated the 
fixation process thus increasing the N supply by stage 7 or 
that dry matter production became slower relative to the rate 
of N fixation. Phosphorus application may have also extended 
the N-fixation period. In this particular experiment the 
shortage of soil moisture encountered at the end of flowering, 
could have reduced the dry matter accumulation rate relative to 
N fixation. 
Varieties were highly significantly different in nitrogen 
content at all growth stages as shown in Table 4, Phosphorus 
by variety interactions were not measureable at any growth 
stage. Varieties are compared with respect to yield response 
and the change in N content due to P fertilization at the three 
stages of growth in Table 4, Valid comparisons can be made 
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only within proper maturity groups. Early varieties, those 
maturing prior to September 20, and late varieties, those 
maturing after September 30, are partitioned from the inter­
mediate maturity group. It was felt that the extreme groups 
were at a disadvantage due to differences in length of the 
growing season and should not be compared with the more adopted 
intermediate maturity grouping. Table 5 indicates the rank of 
the varieties in the intermediate maturity group according to 
yield response with P fertilization and comparisons are made 
with respect to the change in N content at 3 growth stages. 
Note that with the exception of the commercial varieties, Amsoy 
and Hawkeye, the most responsive lines have the largest deficits 
in N content at stage 3, The deficit in N content at stage 3 
due to applied P is most probably a dilution effect due to an 
early growth stimulation in the responsive lines. The corre­
lation of yield increase in the maturity Group II varieties and 
the N deficit due to P fertilization was -0,36 and just missed 
significance at the 5% probability level. It would appear that 
lines or varieties potentially responsive in early growth stages 
would be desirable choices in developing more P responsive com­
mercial soybean varieties. An experiment conducted at a more 
southern location with the later maturing lines might be 
valuable, since it appears early growth was stimulated in 
several of the lines, but was not evidenced in seed yield in­
crease at this experimental location. 
With regard to using N content as an indicator of 
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Table 5. The relationship of the seed yield response and the 
response in percent N at growth stages 3, 5 and 7 due 
to P fertilization of the soybean varieties in 
Maturity Group II as determined in the 1965 Variety 
Study conducted at the Agronomy Farm at Ames, Iowa. 
Yield Response in percent N 
response Stage 3 Stage 5 Stage 7 
Variety cwt./acre % N % N % N 
P.I. 68600 4.65 -.21 .07 0.0 
P.I. 91150 4.25 -.29 -.10 .21 
P.I. 86102 2.95 -.40 — , 08 -.13 
P.I. 70242 2.15 -.23 — .26 .12 
P.I. 80536 1.55 -.14 ,09 — . 08 
P.I. 88787 1.40 -.20 .12 .12 
P.I. 90570 1.15 -.01 -.04 .10 
P.I. 73587 1.10 -.11 -.13 -.12 
Amsoy .90 -.25 -.03 .31 
P.I. 92460 .85 .08 -.01 .09 
P.I. 200479 .65 -.04 -.15 .16 
P.I. 92717 -.10 -.09 0.0 .07 
Hawkeye -.55 —. 48 .05 -.11 
"responsiveness", the data in this experiment would not support 
such a possibility. As stated in the methods section the P.I. 
lines used in this experiment were chosen on the basis of their 
N and P contents at stage 7 in a previous study. However, the 
relationships in this study do not bear out the differences 
expected when choosing the lines for study. Correlations of 
seed yield response in the Group II varieties and the percent N 
at stages 3, 5 and 7 were 0,024, 0.20 and 0.10 respectively. 
Phosphorus fertilization increased the P content of the 
plant tissue at each growth stage as shown in Table 6, 
Table 6. Phosphorus content in % P of the upper leaves as influenced by P fertilization in each 
soybean variety at growth stages 3, 5 and 7 in the 1965 Variety Study conducted at the 
Agronomy Farm at Ames, Iowa, and arranged in order of maturity rating. 
Stage 3 Stage 5 Stage 7 
Variety Applied P Response Applied P Response Applied P Response Maturity 
lbs ./acre in 7o P lbs, /acre in % P lbs. / acre in % P Grouping 













.37 .04 Early 
Chippewa .42 .70 .28 .41 .59 .18 .36 .44 .08 Early 
P.I. 86102 .41 .49 .08 .39 .51 .12 .34 .38 .04 Medium 
Harosoy .40 . 66 .26 .38 .62 .24 .35 .36 .01 Early 
P.I. 70242 .48 .61 .13 .52 .51 -.01 .34 .35 .01 Medium 
P.I. 73587 .46 .63 .17 .44 .51 .07 .34 .36 .02 Medium 
P.I. 86878-2 .43 .61 . 18 .43 .50 . 17 .35 .37 .02 Early 
P.I. 90570 .47 .70 .23 .48 .55 .07 .35 .39 .04 Medium 
P.I. 92460 .42 .67 .25 .42 .62 .20 .31 .33 .02 Medium 
P.I. 200479 .35 .55 .20 .38 .47 .09 .22 .27 .05 Medium 
Hawkeye .43 .70 .27 .45 .58 .13 .34 .39 .05 Medium 
Amsoy .42 .71 .29 .42 .57 .15 .28 .35 .07 Medium 
P.I. 68600 .44 .64 .20 .48 .51 .03 .35 .40 .05 Medium 
P.I. 91150 .42 .80 .38 .41 .60 .19 .32 .39 .07 Medium 
P.I. 80536 .41 .58 .17 .48 .58 .10 .33 .39 .06 Medium 
P.I. 88787 .45 .62 .17 .52 .46 -.06 .35 .37 .02 Medium 
P.I. 89005-4 .43 .69 .26 .46 .51 .05 .33 .33 .00 Late 
P.I. 68748 .45 .59 .14 .45 .54 .09 .35 .38 .03 Late 
P.I. 88479 .50 .67 .17 .51 .55 .04 .40 .37 -.03 Late 
P.I. 92717 .48 .73 .27 .47 .57 .10 .30 .33 .03 Medium 
P.I. 84957 .51 .80 .29 .44 .49 .05 .26 .29 .03 Very late 
P.I. 68756 .46 .80 .34 .47 .59 .12 .32 .37 .05 Very late 
P.I. 91102 .53 .61 .08 .40 .45 .05 .31 .35 .04 Very late 
P.I. 71850-1 .45 .50 .05 .42 .42 .00 .24 .25 .01 Very late 
P.I. 70023 .55 . 60 .05 .37 .41 .04 .29 .32 .03 Very late 
Means .45 .65 .44 .53 .33 .36 
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Effectiveness of the phosphorus fertilization appeared to be 
much reduced by the time plants reached stage 7, which could be 
attributed to the low soil moisture supply in the late growing 
season causing positional unavailability of the fertilizer. 
The increased P content in growth stages 3 and 5 was statisti­
cally significant at the 25% probability level and amounted to 
relative increases over the check of 44,5% and 22,5% respective­
ly, A decline in P content with an increase in age was most 
apparent from stage 5 to stage 7, which could indicate translo­
cation of P to the seeds, which were developing in the lower 
part of the plant, or be the result of dry soil conditions. At 
all growth stages the percent P was in excess of the sufficiency 
ranges cited by Ohlrogge (1960). 
Varieties were significantly different in P content at all 
growth stages, and differential responses were evident at all 
stages. However, the prominence of the interaction was de­
creased between stages 3 and 7, No relationships of change in 
P content or P content per se with yield responses were ob­
served, Correlations of yield response with P content of the 
upper leaves of the Group II, medium maturing varieties at 
stages 3, 5 and 7 were -0.07, 0.14 and 0,35, respectively, of 
which some was significant at the 5% probability level. The 
change in P content with fertilization also was not correlated 
with yield response as evidenced by the correlations for stages 
3, 5 and 7 of -0,05, -0,08 and 0,02, respectively. It did not 
appear that P content or change in content could be used to 
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identify soybean lines that are potentially more responsive to 
applied P. 
Potassium content was increased by P fertilizer and the 
increases were statistically significant at the 25% probability 
level. Miller (1960) and deMooy (1965) observed similar results. 
Table 7 shows the changes due to P fertilization and evidences 
the highly significant differences due to varieties. At the 
earlier growth stages, varieties were not different in their 
responses to P, but at stage 7 the P by variety interaction 
effect on percent K was significant at the 5% probability 
level. Potassium content was not a suitable indicators of P 
responsiveness, as evidenced by the nonsignificant correlation 
coefficients, 0.33, -0,15 and 0.33 for yield response with K 
content at stages 3, 5 and 7 respectively. 
As the plants developed, the K content decreased at about 
the same rate with or without applied P. Physiologically this 
could be a dilution effect since only very slight amounts of K 
are translocated to the seeds. Dry soil conditions could also 
influence the change in percent K with time; there being a 
lower availability of K as the soil became dryer. 
It is known that fertilization affects certain agronomic 
properties of crops such as maturity and lodging. Nitrogen 
fertilization has been shown to measurably increase lodging 
susceptibility in oats (Whitney 1966). On the other hand there 
are indications in the literature that potassium fertilization 
increases stalk strength in com and thus increases resistance 
Table 7. Potassium content in % K of the upper leaves as influenced by P fertilization in each 
soybean variety at growth stages 3, 5 and 7 in the 1965 Variety Study conducted at the 
Agronomy Farm at Ames, Iowa, and arranged in order of maturity rating. 
Stage 3 Stage 5 Stage 7 
Variety Applied P Response Applied P Response Applied P Response Maturity 
lbs./acre in % K lbs./acre in % K lbs./acre in % K Grouping 













2.22 .14 Early 
Chippewa 2.54 2.48 -.06 2.20 2.34 .14 2.18 2.40 .22 Early 
P.I. 86102 2.52 2.48 -.04 2.07 2.02 -.05 2.12 2.18 .06 Medium 
Harosoy 2.50 2.48 -.02 2.11 2.20 .09 1.98 1.90 -.08 Early 
P.I. 70242 2.64 2.70 .06 2.32 2.29 -.03 2.22 2.00 -.22 Medium 
P.I. 73587 2.46 2.80 .34 2.38 2.41 .03 2.04 2.02 -.02 Medium 
P.I. 86878-2 2.42 2.54 .12 2.38 2.49 .11 2.08 2.22 .14 Early 
P.I. 90570 2.64 2.78 .14 2.41 2.58 .17 2.10 2.22 .12 Medium 
P.I. 92460 2.84 3.08 .24 2.64 2.77 .13 2.30 2.58 .28 Medium 
P.I. 200479 2.60 2.58 -.02 2.41 2.41 .00 1.62 1.78 .16 Medium 
Hawkeye 2.54 2.76 .22 2.61 2.65 .04 2.30 2.51 .21 Medium 
Amsoy 2.46 2.44 -.02 2.26 2.22 -.04 1.72 1.72 .00 Medium 
P.I. 68600 2.68 2.96 .28 2.29 2.29 .00 2.14 2.30 .16 Medium 
P.I. 91150 2.70 2.74 .04 2.58 2.62 .04 2.20 2.32 .12 Medium 
P.I. 80536 2.72 2.96 .24 2.35 2.53 .18 2.28 2.46 .18 Medium 
P.I. 88787 2.56 2.72 .16 2.14 2.19 .05 1.98 1.96 -.02 Medium 
P.I. 89005-4 2.70 2.80 .10 2.53 2.49 -.04 2.18 2.00 -.18 Late 
P.I. 68748 2.72 2.76 .04 2.61 2.55 -.06 2.26 2.18 -.08 Late 
P.I. 88479 2.70 2.70 .00 2.37 2.35 -.02 2.34 2.24 -.10 Late 
P.I. 92717 2.60 2.90 .30 2.26 2.32 .06 1.72 1.62 -.10 Medium 
P.I. 84957 3.14 3.32 .18 2.37 2.50 .13 1.64 1.74 .10 Very late 
P.I. 68756 2.62 2.98 .36 2.76 2.82 .06 2.35 2.48 .13 Very late 
P.I. 91102 2.70 2.68 -.02 2.40 2.29 -.11 2.32 2.30 -.02 Very late 
P.I. 71850-1 2.68 2.58 -.10 2.34 2.17 -.17 1.92 1.84 -.08 Very late 
P.I. 70023 2.68 2.70 .02 2.32 2.22 -.10 2.10 2.26 .16 Very late 
Means 2.64 2.75 .11 2.38 2.41 .03 2.09 2.14 .05 
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to Lodging, Agronomists have noticed that phosphorus fertili­
zation increased the height of the soybean plant in many 
instances when no seed yield response was obtained. An increase 
in height in some instances also increased lodging. Even though 
factors affecting lodging in cereal crops and legumes have not 
been shown to be related, it is of note that the influence of P 
on soybean height increases and the effect on lodging suscepti­
bility would therefore, be similar to the effect of N fertili­
zation on these properties in cereal crops. 
In this experiment phosphorus fertilization induced 
lodging increases that were significant at the 25% probability 
level as shown in Table 8. Varieties were highly significantly 
different in lodging characteristics. No measureable variety 
by P interaction was found. The commercial varieties had the 
lowest amounts of lodging as would be expected. The P.I. lines 
from the latest maturity groups were most susceptible to 
lodging but were also the tallest plants in the experiment. 
Being outside their recommended day length zone undoubtedly 
influenced the plant height substantially, since soybeans are 
very sensitive to day length changes. 
Maturity grouping of soybeans has been mentioned in re­
lationship to several of the characters discussed thus far. A 
trend toward delay of maturity due to P fertilization was ob­
served, but was not statistically significant. As shown in 
Table 8 there was a wide range in maturity of the various 
Lines. No P by variety interaction was found in this 
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Table 8. Lodging and maturity date of the soybean varieties as 
influenced by P fertilization in the 1965 Variety 
Study conducted at the Agronomy Farm at Ames, Iowa, 
Lodging^  Maturity^  
Applied P Lbs,/acre Applied P Lbs,/acre 
Variety 0 500 0 500 
P,I. 88805-2 2.5 3,0 14 17 
Chippewa 1.0 1,0 8 12 
P.I, 86102 1,0 1,5 23 25 
Harosoy 1,0 1,0 16 22 
P,I. 70242 1.5 2,0 29 30 
P,I. 73587 3,0 2,5 31 28 
P.I, 86878-2 1,0 1,0 20 20 
P,I, 90570 1,5 2.0 23 25 
P.I, 92460 2.0 2.0 22 28 
P,I, 200479 2,5 3.5 30 28 
Hawkeye 1,5 1,0 26 31 
Amsoy 1,0 1,0 24 30 
P,I. 68600 2,0 2,0 22 26 
P,I, 91150 1.5 2,5 28 31 
P,I. 80536 1,0 1.0 27 31 
P.I. 88787 1,0 1.0 26 25 
P,I, 89005-4 2,0 2.5 33 33 
P.I, 68748 3,0 3.5 31 31 
P.I. 88479 2,5 2.5 31 31 
P,I. 92717 2,0 1.5 26 26 
P.I. 84957 2,5 3,0 32 33 
P.I, 68756 3,0 3.5 31 32 
P.I, 91102 2,0 2,5 31 31 
P.I. 71850-1 4,0 4.0 33 36 
P,I, 70023 3.0 3,0 36 36 
Means 2.0 2,2 26 28 
L^odging on a scale of 1 to 5 where 1 = erect and 5 = flat, 
M^aturity date in days after September 1, 
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experiment. Delays in maturity due to P additions are not 
commonly reported in the literature. In most cases P fertili­
zation will hasten maturity if the soil in question is de­
ficient, and P fertilization usually has no affect on maturity 
if an adequate soil supply is available, A possible explanation 
for the delay in maturity attributed to P fertilization could 
be that the P induced an increase in the N supply. An abundance 
of inherent or fertilizer N has been associated with delays in 
maturity. The same line of reasoning may explain lodging in­
creases due to P fertilization. 
Results of the protein and oil analyses are reported in 
Table 9, All analyses were made on composited grain samples 
and therefore statistical testing was not possible. Phosphorus 
treatments did not consistently increase or decrease the protein 
content of the seed. P.I. 68600 and P.I, 91150, which were most 
responsive to P fertilization in seed yield, were not seemingly 
altered in their protein content. Oil content was consistently 
lower in the seed from the fertilized treatment, but by less 
than 0.03 percent in most cases. 
From the lines grown in this experiment, four were selected 
for further study in 1966, They were chosen from the maturity 
group that is adapted to Central Iowa, The lines were first 
selected on the basis of the yield response obtained when P 
fertilizer is applied. Early varieties and lines were omitted 
even though they appeared to be quite responsive. Consideration 
was also given to the lodging data in the selection of the 
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Table 9. Protein and oil content of the seed of 25 soybean 
varieties as affected by P fertilizer in the Variety 
Study conducted at the Agronomy Farm at Ames, Iowa 
in 1965. 
% protein % oil 
Applied P in lbs«/acre Applied P in lbs./acre 
Variety 0 500 0 500 
P.I. 88805-2 41.1 40.5 21.5 20.6 
Chippewa 36.9 38.5 23.6 22.4 
P.I. 86102 38.3 39.0 21.4 20.6 
Harosoy 37.4 38,6 22.6 21.8 
P.I. 70242 38.2 39.0 20.3 19.8 
P.I. 73587 39.6 39.0 21.1 - 20.7 
P.I. 86878-2 36.9 36.1 22.0 21.5 
P.I. 90570 38.3 35.9 20.8 19.7 
P.I. 92460 39.8 40.2 19.6 19.1 
P.I. 200479 40.8 38.9 17.1 16.7 
Hawkeye 37.3 38.6 22.6 21.5 
Amsoy 35.5 37.3 23.0 22.8 
P.I. 68600 39.7 39.2 21.4 20.5 
P.I. 91150 38.6 38.3 21.6 21.0 
P.I. 80536 39.3 36.2 21.6 21.2 
P.I. 88787 37.6 39.1 22.7 21.7 
P.I. 89005-4 36.9 38.1 20.2 20.5 
P.I. 68748 39.3 39.0 19.0 - 20.0 
P.I. 88479 36.6 35.6 21.9 22.4 
P.I. 92717 38.2 38.3 21.0 21.4 
P.I. 84957 40.0 39.8 19.8 20.1 
P.I. 68756 39.6 39.2 19.7 19.0 
P.I. 91102 38.2 38.5 18.5 18.3 
P.I. 71850-1 39.5 38.4 20.8 20.8 
P.I. 70023 37.4 37.5 21.2 21.3 
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lines, but not to a large degree. P.I, 86102, P.I, 70242, 
P.I. 68600 and P.I. 91150, were the lines selected as maximum 
responders and worthy of more study. It was not possible in 
this experiment to characterize the responsive plant intro­
duction lines in terms of N, P, and K contents in a manner such 
that they could be separated from the non-responding lines. 
Two of the three objectives stated at the outset were 
attained. Plant introduction lines were found to differ with 
regard to their yield response to P fertilization. Four plant 
introduction lines were chosen from the intermediate maturity 
grouping for further study. Plant introduction lines, P.I. 
91150, P.I. 68600, P.Io 86102, and P.I. 70242 had response 
levels of 4.25, 4.65, 2,95 and 2.15 cwt. per acre respectively. 
It was determined that the response came primarily in terms of 
seed set, although small seed size increases did occur. 
The second objective dealing with the characterization of 
responsive P.I. lines was not attained to the fullest degree. 
Relationships of the leaf N and P contents to seed yield re­
sponses, thought to exist when the P.I. lines were selected for 
study, failed to appear in this experiment. Small correlation 
coefficients relating both N and P contents to seed yield were 
found at all growth stages sampled. It was noted, however, 
that those P.I, lines having the largest yield responses had 
the largest reductions in leaf percent N at stage 3, r = -0.36, 
just missing significance at the 5% probability level. The 
inverse relationship was attributed to an early growth stimu-
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latioTi due to the applied P which diluted the N supply iti the 
plant. 
The third objective of increasing seed supply for future 
experiments was a natural consequence, 
1965 Zone-Placed P Study 
In this experiment the objectives were as follows: 1. To 
re-examine the conclusion reached by deMooy (1965) which was 
that high rates of applied P induced increased nodulation on 
certain varieties, resulting in an increased N supply for the 
plants thereby inducing seed yield increases. 2, To monitor 
the N, P, and K concentrations in several soybean lines and 
varieties at four growth stages and to relate these to seed 
yield response characteristics; 3. To determine if the zone-
placement method could be used to simulate high rates of 
broadcast P and yet remain in an economically feasible pro­
duction category; and 4. To attempt an explanation of the 
mechanism by which P fertilization increases nodulation. 
The P.I. lines used in this experiment were the same as 
those used by deMooy (1965) in his 1963 pot culture experiment, 
P.I. 200479, P.I. 88805-1 and P.I. 60296-1. Standard commercial 
varieties Amsoy, Harosoy, and Hawkeye were included for com­
parison purposes and because of an interest in their response 
to zone place P. 
Seed yield results are presented in Table 10 and will be 
discussed first. The dry weather conditions in July and August 
of 1965 decreased the magnitude of the yields as evidenced by 
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the poor performance of the normally high yielding Hawkeye and 
Amsoy varieties» Rainfall data are given in Table B,1 of Ap­
pendix B. As shown in Table 10 the Amsoy variety at the 300 
pp2m P level produced the highest yield, 19 cwt. per acre, and 
P.I. 200479 produced the lowest yield, 13 cwt, per acre, with 
no applied P. 
Responses in seed yield to applied P were statistically 
significant at the 10% probability level, and amounted to an 
average over all varieties of 0.8 cwt, per acre at the 300 pp2m 
P treatment level. Both linear and quadratic P effects were 
present. 
If inoculation treatments had shown the same effects as P 
fertilization, the inoculation by variety interaction should 
have been in the same direction as the P by variety interaction. 
However, neither the inoculation by variety or the inoculation 
by P by variety interactions were measurable. Inoculation 
treatments had no measurable effect on yield of seed, and the 
inoculation by P interaction was not present. If inoculation 
had shown on effect with no applied P equivalent to the effect 
of applied P and no inoculation it would have indicated that P 
fertilization had an effect on seed yields by stimulating 
Rhizobia population increases. 
Varieties were highly significantly different with regard 
to yield, Amsoy and Hawkeye were the highest yielders and 
averaged essentially the same, 18,5 cwt. per acre. Harosoy the 
other commercial variety did not yield as well, but was 
Table 10, Seed yield of six soybean varieties as influenced by P fertilization and 
inoculation treatments with the associated linear (1) and quadratic (q) 
mean squares for the individual P by variety interactions (P x V) in the 
1965 zone-placed P study conducted at the Agronomy Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 
0 300 600 P 
Inoculation Inoculation Inoculation 
No Yes No Xes No Yes 1, q. 
cwt/A cwt/A cwt/A cwt/A cwt/A cwt/A cwt/A 
P.I. 88805-2 16.10 17.43 17.63 18.57 16.03 17.53 17.22 .0008 7 .0225* 
Harosoy 16.53 17.00 16.73 16.60 16.87 16.50 16,71 .0208 .0136 
Amsoy 19,07 17.60 18.87 19.17 17.53 19.00 18,54 ,0133 2 .0544 
Hawkeye 18.13 17.97 18.70 18.83 18.67 18.47 18,46 .8008 .8403 
P.I. 200479 13,73 12,30 15.00 15,73 15,00 14,90 14,44 11.2133* 7 .6544* 
P.I. 60290-1 17,77 17.33 17.30 17.73 17,63 17.77 17,59 .0695 .0047 
Means 16,89 16.61 17.37 17.77 16.95 17.32 
Overall P 
means 16,75 17.57 17.16 
D^enotes significance at the 5% probability level. 
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equivalent in yield to P.I. 88805-2 and P.I. 60296-1. Varietal 
differences in response to P appeared to exist, but the P by 
variety interaction was not statistically significant in the 
overall analysis of variance. By breaking this interaction 
term into individual P by variety interactions as shown in 
Table 10, however, it was evident that P.I. 88805-2 and P.I. 
200479 were significantly responsive to P while the other va­
rieties were not, with P.I. 200479 being more responsive than 
P.I. 88805-2. deMooy (1965) reported similar results in a pot 
culture study. 
Components of seed yield, the seed weight and seed set, 
indicate the manner in which the plant produced the yield in­
creases ascribed to P fertilization. Seed weight increased 
approximately 0,4 g. per 100 seeds at the 300 pp2m P rate as 
shown in Table 11, The 600 pp2m P rate did not increase seed 
weight beyond that obtained with the 300 pp2m rate. Inoculation 
increased seed weight slightly and the P by inoculation inter­
action was in a positive direction, but not statistically sig­
nificant. Varieties were highly significantly different in 
seed weight, but no interaction with P was detected. 
Seed set increases due to P fertilization were significant 
at the 10% probability level, and appeared to be more greatly 
influenced by P treatments than were weights per seed. As with 
seed weight the P by inoculation interaction had a trend in a 
positive direction but was not statistically significant. Va­
rieties were significantly different at the 1% level and did 
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not react similarly to the applied P„ The interaction was sig­
nificant at the 10% probability level. P.I. 200479 and P.I. 
88805-2 responded to the P in terms of seed set in the same 
order as they did in seed yield. They increased in seed set by 
11.8 and 7.7% respectively, as shown in Table 12, whereas the 
other varieties were only slightly responsive or decreased in 
seed set. 
The estimate of total dry matter accumulation at growth 
stage 7 was highly variable and differences due to P treatments 
were smaller than the experimental error. Varieties were 
highly significantly different and a trend toward a P by variety 
interaction was evident. In Table 13 a breakdown of the indi­
vidual P by variety sums of squares showed that Amsoy, Hawkeye 
and P.I. 60296-1 were responsible for the interaction effect. 
Recall that these are not the same varieties that produced 
differential responses to P in seed yield. P.I. 200479 and 
P.I. 88805-2, which were most responsive in seed yield, did not 
increase in total dry matter accumulation with applied P ferti­
lizer, 
Modulation of the soybean plants was investigated at growth 
stage 7 and the results are presented in Table 14. Phosphorus 
treatments increased the number of nodules per plant by 29% 
above the check at the 300 pp2m P level. The 600 pp2m P 
treatment did not increase the nodule count significantly above 
that of the 300 pp2m level. The initial difference was sta­
tistically significant at the 10% probability level. 
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Table 11, Weight of seeds in g./lOO seeds of six soybean 
varieties as influenced by P fertilization and 
inoculation treatments in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa. 
Variety pp2m P Applied Means 
0 300 600 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I, 88805-2 16.57 16. 93 16.57 17.00 16. 93 16. 63 16. 77 
Harosoy 16.77 17. 20 17.07 17.07 16. 90 16. 63 16. 94 
Amsoy 16.47 16. 87 17.27 17.30 17. 07 17. 33 17. 05 
Hawkeye 17.23 17. 77 18.20 17.97 18. 13 18. 17 17. 91 
P.I. 200479 12.23 12. 23 12.50 12.73 12. 57 12. 50 12. 46 
P,I, 60296-1 19.50 20. 00 19.73 20.63 20. 47 20. 10 20. 07 









— S Table 12, Seed set in 10" x seeds per acre of six soybean 
varieties as influenced by P fertilization and 
inoculation treatments in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa. 
Variety pp2m P Applied Means 
5 3ÔÔ 6ÔÔ 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I. 88805-2 44103 46700 48265 49666 42941 47779 46592 
Harosoy 44869 44947 44509 44138 45267 45059 44798 
Amsoy 52019 47362 49394 50264 46684 49777 49250 
Hawkeye 47764 45871 46608 47579 46754 46192 46795 
P.I. 200479 50996 45652 54475 56120 54199 54115 52593 
P.I. 60296-1 41411 39347 39803 39071 39146 39983 39793 
Means 46860 44980 47192 47806 45832 47151 
Overall P 
Means 45920 47499 46491 
Table 13, Total dry matter production at Stage 7 as influenced by P fertilization 
and inoculation treatments with the associated linear (1) and quadratic 
(q) mean squares for the individual P by variety interactions (P x V) in 
the 1965 zone-placed P study conducted at the Agronomy Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 
0 300 600 of P 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 1. q. 
lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A 
P.I. 2232 2880 3312 2688 2640 2832 2764 97200 501264 
Harosoy 3216 3336 3336 3312 3840 3264 3384 228528 32400 
Amsoy 3336 2976 3408 3696 3912 3960 3548 1825200* 144 
Hawkeye 2640 2544 3240 3240 2928 3096 2948 529200 767376++ 
P.I. 200479 3039 3010 2942 2942 2395 2779 2906 572907 361201 
P.I. 60296-1 2496 2088 2328 2328 3288 2424 2484 954288++291600 
Means 2826 2806 3094 3081 3167 3059 
Overall P 
means 2816 3088 3113 
D^enotes significance at the 5% probability level, 
**Denotes significance at the 10% probability level. 
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Inoculation tended to increase nodule numbers, but the increases 
were not statistically significant. Varieties were highly sig­
nificantly different in the number of nodules per plant. 
Hawkeye, a high producing commercial variety, had the smallest 
number of nodules, 30 per plant, while Amsoy and Harosoy were 
essentially equal at 73 nodules per plant. There was no P by-
variety interaction evident with regard to nodule numbers. This 
is contrary to the differential effects in nodulation observed 
by deMooy (1965), but the coefficient of variation was ten 
times larger in this field study than in deMooy's pot experi­
ment. 
If the effect of the P had been to stimulate rhizobial 
population increases, leading to a greater chance of root in­
fection resulting in more nodules, then the inoculation 
treatment should have produced results similar to P application. 
Inoculation treatment did show a trend in this direction, but 
the differences were not significant. It would appear then that 
if P treatments were indeed having indirect effects on seed 
yield through nodulation, some mechanism other than rhizobial 
population increases was in play. Such a mechanism might be, 
provision of a more susceptible host condition or a stimulation 
of the bacteria causing it to be more infective. It would ap­
pear, however, that if one of the above mechanisms were the 
true one, the P by inoculation interaction would be present and 
in a positive direction, because with increased Rhozobia numbers 
through inoculation plus a P treatment as a stimulant, more 
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bacterial infections would occur than with P fertilizer alone. 
This was not observed and leads to the conclusion that actual 
bacterial stimulation with regard to increased infectivity did 
not occur, and that receptivity of the host plant was not 
altered. From the data now available it is not possible to 
ascertain the exact mechanism through which the P treatments 
increased nodule numbers. 
An argument has been put forth, that increased numbers of 
nodules may result in a reduction of the nodule size, sufficient 
to offset any net gains. The data on weight of nodules per 
plant shown in Table 15 indicate that the above statement was 
not true. In this experiment, P tended to increase the weight 
of nodules and the increase was statistically significant at 
the 10% probability level in the linear P term. The average 
weight per nodule was .0022, .0027, and .0028 g, for the 0, 300 
and 600 pp2m P treatments respectively. 
Inoculation effects on nodule weight per plant were not 
statistically significant, but as with nodule numbers the data 
indicated a possible increase in nodule weight per plant when 
the inoculum was applied. Varieties were highly significantly 
different and the ranking was essentially the same as with 
nodule numbers. Harosoy and Amsoy had the highest nodule weight 
and Hawkeye the lowest. No differential responses due to P 
fertilization were detected. 
Since all varieties had increased nodulation with P ferti­
lization and only two varieties, P.I. 200479 and P.I. 88805-2, 
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Table 14. Nodules per plant of six soybean varieties as influ­
enced by P fertilization and inoculation treatments 
in the 1965 zone-placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Variety pp2m P applied Means 
0 300 600 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I. 88805-2 31 45 40 56 48 58 46 
Harosoy 68 54 75 74 85 82 73 
Amsoy 50 73 70 93 77 74 73 
Hawkeye 25 21 32 43 26 33 30 
P.I. 200479 43 43 52 53 62 66 53 
P.I. 60296-1 44 39 39 69 65 63 53 
Means 43 46 51 65 60 63 Inocu­
lation 
Overall P Means 
means 45 58 62 No Yes 
53 58 
Table 15. Weight of nodules in g./plant of six soybean varie­
ties as influenced by P fertilization and inoculation 
treatments in the 1965 zone-placed P study conducted 
at the Agronomy Farm at Ames, Iowa. 
Variety pp2m P applied Means 
5 3ÔÔ 6ÔÔ 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I. 88805-2 .069 .120 .139 .165 .159 .207 .143 
Harosoy .171 .152 .219 .223 .269 .253 .214 
Amsoy .093 .161 .230 .210 .225 .196 .186 
Hawkeye .055 .041 .094 .136 .060 .098 .081 
P.I. 200479 .089 .098 .123 .145 .198 .218 .145 
P.I. 60296-1 .079 .044 .057 .201 .124 .098 .101 
Means .093 .103 .144 .180 .172 .178 Inocu­
lation 
Overall P means 
means * 098 162 . 175 No Yes 
.188 .213 
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responded to P in seed yield, perhaps the mechanism of P re­
sponse with regard to nodulation lies in the ability of a 
variety to utilize the benefits of increased nodulation. These 
data may also indicate that the P response in seed yield was 
not related to the P responses in nodulation. At a later point 
in the discussion P content of the plant tissue will be examined 
with regard to the likelihood of an actual P nutrition response. 
Chemical analyses of the leaf tissue were used to charac­
terize differences between varieties that were responsive 
versus unresponsive to applied P fertilizer» Nitrogen analyses 
were made on upper leaf tissue at growth stages 2, 3, 5, and 7, 
plus a total N uptake determination at stage 7. As shown in 
Table 16 the overall means of N concentration at stage 2 showed 
a slight increase due to P fertilization, but the change was 
within the experimental error and not statistically measurable. 
Inoculation treatments tended to decrease the percent N at stage 
2. Varieties were significantly different at the 1% probability 
level. The P.I. lines 200479 and 88805-2 had the lowest N 
content at growth stage 2, but no differential responses to P 
fertilization were found. 
At stage 3 as shown in Table 16 neither P nor inoculation 
treatments had any measurable effect on the percent N in the 
leaves. Varieties were highly significantly different, but 
differences in their response to applied P were not apparent. 
As in stage 2, P.I. 200479 and P,I. 88805-2 had the lowest 
average N contents of all varieties. 
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At stage 5, P application resulted in a decrease in percent 
N that was statistically significant at the 10% probability 
level, while inoculation treatments did not influence the per­
cent N. As shown in Table 16 varieties were highly signifi­
cantly different, and all varieties tended to decrease in N 
content by the same amount. The lines most responsive to P 
fertilization in seed yield had the lowest N contents at growth 
stage 5 as they did in stages 2 and 3, 
It appeared that P treatments may have decreased the per­
cent N at growth stage 7, but not in a statistically measurable 
amount. Inoculation treatments tended to increase the percent 
N as shown in Table 16» Varieties were significantly different 
at the 1% probability level, with no differential response to P 
treatments. The three way interaction of P by inoculation by 
variety was significant at the 10% probability level, which 
would indicate that all varieties did not respond in the same 
amount or direction at the various combinations of P and inocu­
lation, From Table 16 it would appear that at the 0 P level, 
Amsoy, Hawkeye and P,I, 200479 increased in percent N as the 
inoculum was applied, relative to the other varieties. At the 
300 pp2m P rate P.I, 200479 and Amsoy were showing the largest 
percent N increases due to inoculation while Harosoy also in­
creased slightly. Hawkeye decreased in percent N at the 300 
pp2m P level with inoculation. At the 600 pp2m level only 
Hawkeye and P.I. 200479 increased in percent N with inoculation, 
Amsoy and P.I. 88805-2 showed the largest decreases in percent 
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Table 16. Nitrogen content of the upper leaves in %N at growth stages 2, 3, 
5 and 7 of six soybean varieties as influenced by P fertilization 
and inoculation treatments in the 1955 zone-placed P study 
conducted at the Agronomy Farm at Ames, Iowa. 
Variety Growth pp2m P applied Variety 
Stage Q 3ÔÔ 6ÔÔ %eans 
Inoculation Inoculation Inoculation 


























































































































N with inoculation at the 600 pp2m P rate. The observations 
made in this interaction do not appear to be related to the fact 
that P.I. 200479 and P.I. 88805-2 were more responsive to P in 
terms of seed yield than the others, or to any nodulation 
characteristics measured on these varieties. 
In Table 16 the N content of each variety at various stages 
of growth can also be compared. All varieties reached their 
highest N content at stage 5, with Amsoy and Harosoy having the 
highest N concentrations. The decline in percent N from stage 
5 to 7 represents the beginning of translocation of the N stored 
in the leaves to the newly formed pods and seeds. Harosoy had 
the largest reduction in percent N from stage 5 to 7 at all P 
levels. Comparison of varieties on the basis of the increase 
in percent N from stage 2 to 3 and from stage 3 to 5 indicated 
that P.I. 200479 and P.I. 88805-2 made the smallest gains in 
percent N at the 300 pp2m P rate. This may be a reflection of 
stimulated growth during early stages resulting in a dilution 
of the total N supply, since at the 0 P level these varieties 
were increasing in percent N at the same rate as the other va­
rieties. It is of particular interest that these were also the 
most responsive varieties in terms of seed yield. 
The percent N in the whole plant at stage 7 was not sig­
nificantly affected by P fertilization on-inoculation treatments. 
However, varieties were highly significantly different in their 
whole plant N contents. A trend toward a P by variety inter­
action also existed. Table 17 shows the apparent differences 
Table 17. Nitrogen content of the whole plant at stage 7 of six soybean varieties 
as influenced by P fertilization and inoculation treatments with the 
associated linear (1) and quadratic (q) mean squares for the individual 
P by variety interactions (P x V) in the 1965 zone-placed P study 
conducted at the Agronomy Farm at Ames, Iowa. 
Variety pp2m P applied Means Simple effects 
0 300 600 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 1. q. 
% % % % % % % 
P.I. 88805-2 3.22 3.04 3.06 3.25 2.94 2.99 3.08 .0768++ .0400 
Harosoy 2.83 2.82 2.83 2.86 3.02 2.87 2.87 .0363 .0049 
Amsoy 2.88 2.93 2.69 2.82 2.76 2.72 2.80 .0768 .0144 
Hawkeye 2.90 3.13 2.76 2.93 2.82 2.67 2.87 .2030** .0064 
P.I. 200479 2.81 2.68 2.85 2.64 2.53 2.94 2.74 .0004 .0001 
P.I. 60296-1 2.96 3.19 3.19 3.08 2.92 3.04 3.06 .0243 .0441 
Means 2.93 2.97 2.90 2.93 2.83 2.87 
Overall P 
means 2. 95 2. 91 2. 85 
^^ Denotes significance at the 10% probability level. 
**Denotes significance at the 1% probability level. 
70 
in varieties and their responses to the P treatments. The 
linear P by variety interaction reached statistical signifi­
cance at the 10% probability level for P.I. 88805-2 and Amsoy 
and was highly significant for the Hawkeye variety. As with 
the percent N in the upper leaves at stage 7 the three way 
interaction of P by inoculation by variety was significant at 
the 5% probability level. However, there did not appear to be 
any similarities in the results of the three way interaction 
within the whole plant and that observed within the upper leaf 
tissue. It is interesting to note that the 300 pp2m P level 
with no inoculation resulted in N contents of the plant that 
were equivalent to those obtained with no applied P and inocu­
lation on the P.I. 88805-2, Harosoy, and P.I. 60296-1 varie­
ties. This would indicate that P application was influencing N 
content through the nodulation mechanism of the soybeans. How­
ever, such a relationship was not suggested in behavior of seed 
yield and two of the varieties mentioned above did not respond 
to P in seed yield. 
Total N uptake of the plants at stage 7 was determined and 
the data is presented in Table 18. The apparent increase in 
the total N uptake due to P fertilization was not statistically 
significant. The large error encountered in the dry matter 
measurement no doubt prevented detection of significant differ­
ences, Inoculation treatments were not influential in changing 
the total N uptake of the plants. Varieties were highly sig­
nificantly different and an apparent P by variety interaction 
Table 18, Total N uptake at stage 7 of six soybean varieties as influenced by P 
fertilization and inoculation treatments with the associated linear (1) 
and quadratic (q) mean squares for the individual P by variety inter­
actions (P X V) in the 1965 zone-placed P study conducted at the Agronomy 
Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 






No Yes 1. Qo 
lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A 
P.I. 88805-2 69.7 87,0 101.3 87.4 78.2 84.2 84.6 23.52 852.64++ 
Harosoy 90.7 93.9 94.2 94.9 115.3 93.7 97.1 446.52 57.56 
Amsoy 97.1 87.0 91.9 104.3 108.0 107.8 99.4 758.43++ 13.69 
Hawkeye 76.5 79.6 88.9 94.4 82.8 81.9 84,0 55.47 524.41 
Pol. 200479 84.9 80.8 84.1 86.4 61.0 81.8 79.8 389.88 262.44 
P.I. 60296-1 73.7 66.4 73.8 70.2 94.6 73.4 75.3 588.00 100.00 
Means 82.1 82.4 89.0 89,6 90.0 87.1 
Overall P 
means 82 .3 89.3 88 .5 
"'"'"Denotes significance at the 10% probability level. 
72 
was observed. A single degree of freedom breakdown of the 
interaction showed that the quadratic P by P.I. 88805-2 and 
linear P by Amsoy interactions were significant at the 10% 
probability level, P.I. 88805-2 also responded in seed yield 
with P application but Amsoy did not respond significantly in 
seed yield, P.I, 200479 which had the largest seed yield re­
sponse of all varieties studied, did not increase in total N 
uptake to as large a degree as P.I. 88805-2, and was not sta­
tistically different. Although it did tend to have a larger 
increase in total N uptake with P application than did the other 
varieties. 
As shown in Table 19 P applications increased the percent 
P in the upper leaf tissue at the four growth stages sampled. 
These increases were statistically significant at all growth 
stages except number 5, The largest increase in the percent P 
with P fertilization occurred at stage 2 with decreasing ef­
fectiveness of the fertilizer through stage 7, Phosphorus 
content of the check remained constant until stage 7 where it 
was substantially reduced. Reduction in percent P at this 
point was due to P translocation to the pods and seeds. Leaf P 
contents observed at stage 2 were not as high as those reported 
by Mederski (1950) and are above the. optimum range of 0,25 to 
0,45% P suggested by Ohlrogge (1960). In stages 3 through 5 
Mederski (1950) reported a maximum of 0.74% P in upper leaves 
and deMooy (1965) reported a maximum of 1.5% P in pot culture 
studies. These high P concentration values were not attained 
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Table 19. Phosphorus content in the upper leaves in %P at growth stages 2, 
3, 5 and 7 of six soybean varieties as influenced by P fertili­
zation and inoculation treatments in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa. 
Variety Growth pp2m P applied Variety 
Stage Ô 3ÔÔ 6ÏÏÔ Means 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I. 88805-2 2 .44 .45 .50 .52 .72 .68 .55 
3 .47 .43 .46 .46 .61 .55 .50 
5 .39 .40 .38 .38 .40 .42 .40 
7 .27 .29 .29 .30 .29 .28 .28 
Harosoy 2 .40 .41 .51 .57 .69 .61 .53 
3 .43 .38 .54 .50 .58 .62 .51 
5 .41 .42 .41 .44 .46 .45 .43 
7 .26 .26 .28 .27 .27 .27 .27 
Amsoy 2 .41 .42 .53 .53 .62 .64 .52 
3 .40 .41 .47 .47 .53 .53 .47 
5 .42 .41 .44 .44 .43 .44 .43 
7 .28 .27 .28 .29 .29 .31 .29 
Hawkeye 2 .45 .46 .55 .53 .60 .63 .54 
3 .44 .46 .50 .49 .57 .55 .50 
5 .49 .45 .46 .48 .47 .49 .48 
7 .33 .34 .39 .34 .34 .37 .35 
P.I. 200479 2 .36 .35 .56 .52 . 66 .69 .52 
3 .40 .39 .48 .48 .58 . 60 .49 
5 .37 .36 .39 .42 .44 .45 .40 
7 .23 .23 .24 .24 .24 .26 .24 
P.I. 60296-1 2 .42 .44 .62 .53 .64 .67 .55 
3 .44 .43 .50 .49 .53 .57 .49 
5 .46 .44 .49 .48 .46 .48 .47 
7 .39 .37 .38 .38 .39 .40 .38 
Means at each 2 .41 .42 .54 .53 .65 .65 
growth stage 3 .43 .42 .49 .48 .56 .57 
5 .42 .41 .43 .44 .44 .46 
7 .29 .29 .31 .30 .30 .31 
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in this study. However, the optimum range, 0,25 to 0.30% P, 
and the maximum, 0.43% P, for field grown soybeans in growth 
stages 3 through 5 as reported by Ohlrogge (1950), were ob­
served in this study. At growth stage 7 Mederski (1950) and 
deMooy (1965) report maximum P concentrations that were more 
than double those obtained in this field experiment. The opti­
mum range for field grown soybeans as reported by Ohlrogge 
(1960) of 0,25 to 0.35% P was attained at growth stage 7. By 
comparing the P concentrations in the plant tissue of the 0 P 
plots with the optimum levels reported by Ohlrogge (1960) it 
seems unlikely that P nutrition responses were present. In 
addition the soil test value of 30 pp2m P, which falls in the 
medium category, would refute the possibilities of actual P 
nutrition responses in either soybeans or corn^ . 
Inoculation treatments had no effect on the percent P in 
the plant tissue at any growth stage sampled, as was expected. 
However, varieties were significantly different at all growth 
stages, P.I. 200479 had the lowest P content of the varieties 
studied at all growth stages and at both P fertilization levels, 
Hawkeye was the highest in P content at all growth stages with 
no applied P, but was not the highest at all stages when P was 
applied. The P by variety interaction was statistically sig­
nificant at growth stages 2, 3, and 7, but not at stage 5, By 
A^ccording to criteria established by the Iowa State Uni­
versity Soil Testing Laboratory. 
\ 
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Table 20. Mean squares for the linear (1) and quadratic (q) 
individual P by variety interactions for the leaf P 
content at stages 2, 3 and 7 in the 1965 zone-placed 
P study conducted at the Agronomy Farm at Ames, 
Iowa, 
Variety Stages 
2 3 7 
1, q. 1, q. 1, q. 
P.I. 88805-2 ,2028** .0144** .0507** ,0001 0 .0004 
Harosoy .1728** .0004 .1200** ,0004 .0003 ,0001 
Amsoy .1452** .0004 ,0432** 0 .0012** ,0004 
Hawkeye ,0768** ,0004 .0363** .0009 ,0012 ,0016* 
P.I. 200479 ,3072** .0036 .1083** ,0009 ,0012 0 
P.I. 60296-1 .1587** .0025 .0432** 0 .0003 ,0001 
f+Denotes significance at the 10% probability level, 
D^enotes significance at the 5% probability level. 
Denotes significance at the 1% probability level. 
means of single degree of freedom comparison it was determined 
that at stage 2, as shown in Table 20, all the linear P by va­
riety interactions were significant at the 1% level, but only 
the quadratic P by Pd, 88805-2 was significant. The quadratic 
term for the P.I. 200479 narrowly lacked significance at the 
10% level. These data indicated that P.I. 88805-2 and P,I. 
200479 had percent P increases greater than the other varieties. 
At stage 3 all the linear P by variety interactions were sig­
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nificant and no quadratic P effects were observed. However, 
P.I. 200479 and P.I. 88805-2 had the largest increases in per­
cent P when the applied P level was increased from the 300 to 
600 pp2m P level. At stage 7 the linear P by variety inter­
actions were significant at the 10% level for Amsoy, Hawkeye 
and P.I. 200479. The quadratic P by the Hawkeye interaction 
was significant at the 5% probability level. Differences de­
tected at this stage were very small and despite their statisti­
cal significance may not be meaningful. 
A three way interaction of P by inoculation by variety was 
significant at the 5% probability level at growth stage 2 and 
it tended toward statistical significance at stages 3 and 7, 
but not at growth stage 5. In growth stage 2 the addition of 
inoculum with no applied P increased the percent P in the plant 
in all varieties except P.I. 200479. At the 300 pp2m P rate 
inoculation increased the percent P in the Harosoy, Amsoy and 
P.I. 88805-2 and caused a decrease in the percent P in Hawkeye, 
P.I. 200479, and P.I. 60296-1. At the 600 pp2m P level addition 
of inoculum decreased the percent P in P.I. 88805-2 and Harosoy, 
and increased the percent P in Amsoy, Hawkeye, P.I. 200479, and 
P.I. 60296-1. An explanation of these observations may rest in 
the effect of the P fertilizer on the Rhizobia with subsequent 
changes in the N supply which in turn influenced the nutrient 
uptake rate of the soybean plants. This may be particularly 
true at stage 2 when the plant is just becoming well established 
and is further supported by the fact that the varieties most 
77 
responsive in seed yield increased substantially in P concen­
tration at stage 2 with applied P. 
The percent P in the whole plant at stage 7, as shown in 
Table 21, tended to be increased by P fertilization but the in­
crease was not statistically significant. Inoculation treatments 
had no bearing on the P content of the whole plants. Varieties 
were highly significantly different with P.I. 60295-1 and P.I. 
88805-2 having the highest P contents, and P.I. 200479 the 
lowest of all varieties studied. Differential response of the 
varieties to P was not apparent. Total P uptake shown in Table 
22 was increased from 7.47 pounds/acre to 8.63 pounds per acre 
by applying the 300 pp2m P treatment. A further increase was 
obtained with the 600 pp2m P treatment up to an uptake value of 
9ol0 pounds acre. Inoculation treatments did not influence P 
uptake in a measurable amount. Varieties were highly signifi­
cantly different in their P uptake values and appeared to have 
differential uptake values due to applied P. A set of single 
degree of freedom comparisons shown in Table 22 indicated that 
linear P by varieties Harosoy, Amsoy, Hawkeye and P.I. 60296-1 
interactions were present. P.I, 88805-2 and P.I. 200479 did 
not make measurable gains in total P uptake when P fertilizer 
was applied. Their failure to do so may indicate that the seed 
yield responses to P were not due to an improvement of their P 
nutrition per se. 
Phosphorus fertilization tended to decrease the percent K 
in the upper leaf tissue at all growth stages except 7 as shown 
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Table 21, Phosphorus content of the whole plant in percent P 
at stage 7 of six soybean varieties as influenced by 
P fertilization and inoculation treatments in the 
1965 zone-place P study conducted at the Agronomy 
Farm at Ames, Iowa, 
Variety pp2m P applied Means 
300 600 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 






,34 ,34 .32 
Harosoy .24 ,25 .26 .26 ,29 ,29 .27 
Amsoy .25 ,25 ,28 .28 ,26 ,28 ,27 
Hawkeye ,27 ,25 ,27 ,27 .29 ,28 .27 
P.I. 200479 ,23 ,22 ,24 ,23 ,24 .25 ,23 
P.I. 60296-1 ,33 ,31 ,34 .33 ,34 ,36 .33 
Means .27 .27 ,28 ,28 ,29 ,30 — — 
Overall P 
means ,27 ,28 ,29 
in Table 23. However, the observed differences were not sta­
tistically significant at any growth stage. Potassium content 
decreased as the plants matured, which can be attributed to 
dilution occurring as the rate of K uptake was slower than the 
dry matter accumulation later in the season. Little K is 
stored in the leaves and then translocated to the seeds. Thus 
the reduction in K content did not occur only from stage 5 to 7 
as was observed with N and P concentrations, but was gradual 
from stage 2 to 7. 
Table 22, Total P uptake at stage 7 of six soybean varieties as influenced by P 
fertilization and inoculation treatments with the associated linear (1) 
and quadratic (q) mean squares for the individual P by variety (P x V) 
interactions in the 1965 zone-placed P study conducted at the Agronomy 
Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 
0 300 600 of P 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 1. q. 
lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A 
P.I, 88805-2 6.63 9.17 10,37 8.87 9,00 9.60 8.94 5.88 4.16 
Harosoy 7.77. 8.40 8,67 8.60 11,13 9.27 8.97 13.47* 1.04 
Amsoy 8.37 7.50 9.40 10.33 10.07 11.00 9.44 20,28** 1.64 
Hawkeye 7.20 6.47 8,77 8.80 8.40 8,53 8,03 8,07++ 5.11 
P.I. 200479 6.93 6.67 7,00 7.57 5.67 6.80 6,77 ,96 2,34 
P.I. 60296-1 8,00 6.50 7.60 7.57 11.07 8.63 8.23 20,28** 3.76 
Means 7.48 7,45 8.63 8.62 9.22 8.97 
Overall P 
means 7 .47 8 .63 9 .10 
"'"^ Denotes significance at the 10% probability level, 
D^enotes significance at the 5% probability level, 
**Denotes significance at the 1% probability level. 
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Inoculation treatments did not appear to affect the percent 
K at growth stages 2 and 3 but inoculation tended to increase 
the percent K at stage 5 and 7, The increase was significant 
at the 10% probability level at stage 5 and a strong trend 
existed at stage 7, 
Varieties were highly significantly different in percent K 
at all growth stages. Reference can be made to Table 23 for 
information regarding the specific amount of K in the various 
lines and varieties. The P by variety interaction was present 
at stages 2 and 3. In Table 24 the interaction breakdown for 
each variety is presented. A large part of the interaction sums 
of squares was attributable to the P.I. 88805-2 line and the 
Amsoy variety in stage 2. The quadratic P by variety inter­
action for each of these lines was highly significant and the 
interaction for P.I. 200479 was significant at the 10% proba­
bility level. At growth stage 2 the inoculation by variety and 
the P by inoculation by variety interactions were significant 
at the 10% probability level. It appeared that the inoculation 
treatment in conjunction with the P treatment may have caused 
more increase in the percent K than with P alone. It was not 
possible to relate these interactions to seed yield responses 
obtained with P fertilization on P.I, 88805-2 and P,I, 200479, 
The percent K in the whole plant at stage 7 was not influ­
enced by either P or inoculation treatments. However, varieties 
were highly significantly different in their K contents and 
responded differently with regard to the percent K as influenced 
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Table 23. Potassium content of the upper leaves in %K at growth stages 2, 
3, 5 and 7 of six soybean varieties as influenced by P fertili­
zation and inoculation treatments in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa. 
Variety Growth pp2m P applied Variety 
Stage Ô 3ÔÔ 6ÔÔ Means 
Inoculation Inoculation Inoculation 
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Table 24. Mean squares for the linear (1) and quadratic (q) 
individual P by variety interactions for the leaf P 
content at stages 2 and 3 in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa. 
Variety Stage 
2 3 
1. q. 1, q. 
P.I. 88805-2 ,0075 .1849** ,0192 .1296** 
Harosoy . 0432++ ,0064 .0192 ,1024** 
Amsoy .0108 ,0900* .0192 .0064 
Hawkeye .0243 ,0225 ,0075 .0121 
P.I. 200479 ,0048 .0324 0 .0400+* 
P.I. 60296-1 ,0075 ,0009 ,0147 ,0001 
Denotes significance at 10% probability level. 
D^enotes significance at 5% probability level. 
Denotes significance at 1% probability level. 
by P fertilization. P.I. 60296-1 responded significantly 
differently than the other varieties studied. The K content of 
this variety as shown in Table 25 decreased from the 0 to the 
300 pp2m rate and then increased to its highest level at the 
600 pp2m P rate. deMooy (1965) also reported that P.I. 60296-1 
was sensitive to P application in terms of K content, P,I, 
200479 showed a quadratic P by variety interaction significant 
at the 10% probability level. 
Data shown in Table 26 indicated a trend toward a linear 
Table 25. Potassium content of the whole plant at stage 7 of six soybean varieties 
as influenced by P fertilization and inoculation treatments with the 
associated linear (1) and quadratic (q) mean squares for the individual P 
by variety interactions (P x V) in the 1965 zone-placed P study conducted 
at the Agronomy Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 






No Yes 1. q. 
% % % % % % % 
P.I. 88805-2 2.01 2.00 1.95 2.08 1.99 2.12 2.02 .0048 .0016 
Harosoy 1.97 1.97 1.88 2.00 2.08 1.85 1.96 0 .0036 
Amsoy 1.91 1.83 1.95 2.00 2.00 1.96 1.94 .0363 .0081 
Hawkeye 2.15 2.11 2.11 2.23 2.15 2.09 2.14 .0003 .0081 
P.I. 200479 1.68 1.64 1.61 1.59 1.81 1.67 1.67 .0192 .0400++ 
P.I. 60296-1 2.36 2.27 2.25 2.24 2.45 2.53 2.35 .0912* .0900* 
Means 2.01 1.97 1.96 2.02 2.08 2.04 
Overall P 
means 1 .99 1.99 2. ,06 
++Denotes significance at the 10% probability level, 
D^enotes significance at the 5% probability level. 
Table 26. Total K uptake at stage 7 of six soybean varieties as influenced by P 
fertilization and inoculation treatments with the associated linear (1) 
and quadratic (q) mean squares for the individual P by variety inter­
actions (P X V) in the 1965 zone-placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Variety pp2m P applied Means Simple effects 
0 300 600 of P 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 1. q. 
lb s/A lbs/A lbs/A lbs/A lbs/A lbs/A lbs/A 
P,I, 88805-2 44,4 57.8 64,4 55.7 53,5 60,3 56.0 100.92 144,00 
Harosoy 63,3 66,2 62.8 66,3 81.2 60,9 66.8 115.32 46.24 
Amsoy 64.0 55.3 65.8 74,6 78.0 77.8 69.3 556,92* 7,84 
Hawkeye 56,7 53,5 68.2 72,3 62.4 64.6 63.0 211,68 484,00++ 
P.I. 200479 50.4 49.5 47.6 51.8 43.1 46.4 48.1 78.03 22.09 
P.l'. 60296-1 58.7 47.4 52.5 50.5 81,9 61.7 58.8 1049.07** 479.61++ 
Means 56,3 55,0 60,2 61.9 66,7 62.0 
Overall P 
means 55,6 61.0 64 ,3 
^^ Denotes significance at 10% probability level, 
D^enotes significance at 5% probability level. 
**Denotes significance at 1% probability level. 
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increase in total K uptake as the P rate was increased. Varie­
ties were highly significantly different in K uptake and the P 
by variety interaction was significant at the 10% probability 
level. As with the percent K in the total plant, P.I, 60296-1 
showed the strongest differential responses to P fertilization. 
Both the linear and quadratic terms of the P by P.I, 60296-1 
interaction were significant. The linear P by Amsoy interaction 
was significant at the 5% level, deMooy (1965) also reported 
that the P.I. 60296-1 line was the most sensitive of the three 
introductive lines he studied, in terms of altering the K 
uptake by P fertilization. 
Maturity and lodging are important agronomic character­
istics that have been shown to be affected by fertilization 
practices. In this experiment as shown in Table 27 P appli­
cation tended to delay maturity and enhance lodging as did 
inoculation treatments. This response is not typical of that 
observed with P fertilization, but is similar to responses ob­
tained with N fertilization of other crops. The data shown in 
Table 28 imply that the P treatments increased lodging, but the 
differences were not statistically significant. Inoculation 
treatments increased lodging and the differences were statisti­
cally significant at the 5% level. It appeared that the P by 
inoculation interaction was additive as more lodging occurred 
when both P and inoculum were applied. This interaction was 
significant at only the 25% probability level, so may only be 
called a trend. As with maturity dates the varieties were known 
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Table 27. Maturity in days after September 1 of six soybean 
varieties as influenced by P fertilization and 
inoculation treatments in the 1965 zone-placed P 
study conducted at the Agronomy Farm at Ames, Iowa, 
Variety pp2m P applied Means 
0 300 600 
Inoculation Inoculation Inoculation 
No Yes No Yes No Yes 
P.I, 88805-2 17 17 17 17 17 19 17 
Harosoy 22 22 20 23 23 22 22 
Amsoy 30 30 30 30 30 30 30 
Hawkeye 31 31 31 31 31 31 31 
P.I. 200479 28 38 38 38 38 38 36 
P.I. 60296-1 28 28 28 28 29 28 28 
Means 26 28 27 28 28 28 — — 
Overall P 
means 27 28 28 
to be different with regard to lodging when the experiment was 
initiated. Thus, the highly significant variety factor was 
expected. The P by variety interaction was present in the 
lodging data and the breakdown in Table 28 indicated that P.I, 
88805-2 and P.I. 200479 were reacting differently to applied P 
than the other varieties. Phosphorus fertilization increased 
lodging in the P.I. 88805-2 line, but decreased it on the P.I. 
200479. These differences were statistically significant at 
the 10% probability level. Other varieties studied appeared to 
increase in lodging when P was applied but not to a large 
Table 28. Lodging of six soybean varieties as influenced by P fertilization and 
inoculation treatments with the associated linear (1) and quadratic (q) 
mean squares for the individual P by variety interactions (P x V) in the 
1965 zone-placed P study conducted at the Agronomy Farm at Ames, Iowa. 
Variety pp2m P applied Means Simple effects 






No Yes 1. q. 
P.I. 3,0* 3.0 3,3 3.3 4.0 4.0 3.4 1.41++ .16 
Harosoy 1,0 1.3 1.3 1.7 1.0 1.3 1.3 0,00 .36 
Amsoy 1.7 1.7 1.7 1.7 1.3 2.3 1.7 .03 .01 
Hawkeye 1.0 1.3 1.0 1.7 1.3 1.7 1.3 .27 .01 
P.I. 200479 2.3 2.0 1.0 2.3 1.7 1.3 1.8 1.47++ .09 
P.I. 60296-1 2,3 2,3 2.0 2.7 2.7 3.0 2.5 .75 .25 
Means 1.9 1.9 1.7 2.2 2.0 2.3 
Overall P 
means 1.9 2 .0 2.1 
D^enotes erect plants as 1 and flat position as 5, 
++Denotes significance at the 10% probability level. 
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extent. These data on maturity and lodging support the hy­
pothesis that P fertilization of the soybeans is responsible 
for a change in the N supply of the plant. 
Protein and oil content of the seeds were determined by 
the Regional Soybean Laboratory and the results are in Table 29. 
Composited seed samples were used for the analyses so statisti­
cal analyses were not performed. 
Inoculation and P treatments did not appreciably affect the 
protein content, but the varieties were somewhat different, 
P.I. 88805-2 and P.I, 200479, the varieties responding to P 
application in seed yield, were highest in protein content. 
However, they were also the lowest yielding varieties. 
The depression in oil content due to P fertilization noted 
in the "Variety Study" was not evident in this experiment. 
Inoculation treatments did not appear to affect the oil content 
with or without applied P. P.I. 88805-2 and P.I. 200479 had the 
lowest oil contents of all varieties, just opposite to their 
ranking in protein content. An inverse relationship of oil and 
protein content has been noted by others. 
Of the objectives set forth in the beginning of the experi­
ment all were attained to a degree, but none to the completeness 
that was desired. As each objective is examined it will become 
apparent that further experiments are needed. deMooy's (1965) 
conclusions were reexamined in a field study using the same 
P.I, lines plus three commercial varieties. Differential re­
sponses in seed yield due to P fertilization were obtained with 
Table 29. Percent protein and percent oil in the soybean seed of the varieties grown in the 1965 
zone-placed P study as influenced by P and inoculation treatment. 
Variety Inocu­
lation Applied P 
7o Protein 
concentrations in pp2m Applied P 
7o Oil 
concentrations in pp2m 
0 300 600 0 300 600 
P.I. 88805-2 0 42.0 41.8 42.3 19.2 20.6 20.7 
1 42.3 42.0 41.4 20.7 19,4 20.4 
Harosoy 0 39.6 38.8 37.6 21.6 21.4 21.8 
1 38.7 38.7 37.7 21.1 21.5 21.8 
Amsoy 0 37.1 38.0 37.4 22.5 22.3 22.6 
1 37.4 37.4 37.7 22,7 22.3 22.2 
Hawkeye 0 38.1 38.9 37.9 21.2 21.6 22.5 
1 38.5 38.1 37.7 21.8 21.1 22.0 
P.I. 200479 0 42.1 41.3 42.0 16,0 15.8 16.0 
1 41.9 42.6 42.6 16.0 15.3 15.2 
P.I. 60296-1 0 37.7 38.1 36.9 21.8 22.2 21.8 
1 37.2 37.9 37.2 21,9 21.8 22.2 
Means 39.4 39,5 39.0 20.5 20.4 20.8 
Inoculation 0 39.3 Inoculation 0 20.6 
1 39.3 1 20.5 
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P.I. 200479 and P.I. 88805-2,  just as was reported by deMooy 
(1965). Modulation increases due to P application were obtained 
in all varieties. 
Seed yield increases were associated primarily with an in­
crease in seed set rather than with seed weight increases. It 
has been shown that seed set is more closely governed by N 
supply than is weight per seed; lending support to deMooy's 
hypothesis about N accumulation. 
Concentrations of N, P, and K were measured in the upper 
leaves at growth stages 2, 3, 5, and 7. Nitrogen concentrations 
continued to increase in all varieties from stage 2 through 5, 
and then declined at stage 7 as translocation to the pods and 
seeds began. Phosphorus treatments did not affect the percent 
N at either stage 2 or 3, but at stage 5 a significant decrease 
in the N concentration occurred. Differential decreases among 
varieties were not observed. At stage 7 a trend continued to 
exist such that P fertilization decreased the percent N, but 
the differences were not statistically significant. It was 
observed that P.I. 200479 and P.I. 88805-2 made the smallest 
gains in percent N from growth stages 2 to 3 and from 3 to 5 in 
cases where P was applied. This possibly reflected a growth 
stimulation in these lines diluting the total N supply, since 
at the 0 P level all varieties were showed equivalent increases 
in percent N. These were also the most responsive lines in 
terms of seed yield. It was noted that the percent N in the 
whole plant at stage 7 with 300 pp2m P and no inoculation was 
91 
equivalent to the percent N in the whole plant with no applied 
P but with inoculum added. This is evidence that P application 
was stimulating rhizobial N-fixation. Total N uptake data 
indicated an increase in N uptake due to P, but the differences 
were not statistically significant. Most of the N analyses 
tended to indicate that P was increasing the N supply, but in 
the total N uptake data at stage 7 the precision of the measure­
ments was poor and statistical significance was not attained. 
Phosphorus contents of the leaves and whole plant were 
increased by P fertilization, but the effectiveness of the 
fertilizer was decreased as time passed. The very dry July and 
August weather left the P positionally unavailable resulting in 
decreased effectiveness of applied P. Phosphorus contents 
remained about equal in the check through growth stages 2, 3, 
and 5, but declined at stage 7 due to translocation to the seed. 
The optimum range in P content of the upper leaves as stated by 
Ohlrogge (1960) was reached in all growth stages sampled even 
in the leaves of the plots receiving no P. Thus it appeared 
unlikely that P fertilization was inducing the differential seed 
yield responses by improving the P nutrition per se. 
It is also possible that these reported optimum P levels 
are in error. However, the moisture stresses of the 1965 
season reduced yields enough that prediction of optimum plant P 
levels was not possible. Several of the interactions of P by 
variety and the P by inoculation by variety were observed at 
the early growth stages. The effects of the P on the Rhizobia 
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and consequently on N-fixation could account for growth stimu­
lations at these early growth stages and the affects observed 
upon P content of the plants. P.I. 200479 and P.I. 88805-2, 
the varieties responding to P in seed yield, did not increase 
in total P uptake at stage 7 with P fertilization. These data 
support the hypothesis that P fertilization alters the N supply 
since yield increases due to P fertilization were obtained even 
though the P.I. 88805-2 and P.I. 200479 varieties did not 
utilize increased amounts of P. 
Potassium concentrations were reduced by P fertilization 
at all growth stages except stage 7, but the differences were 
not statistically significant at any growth stage. The rate of 
K absorption was less rapid than the rate of dry matter accumu­
lation, resulting in a decrease in K content with age. Total K 
uptake appeared to increase with applied P, but the increases 
were not statistically significant. P.I. 60296 showed the 
strongest differential response in percent K and total K uptake 
at stage 7. These are similar to results reported by deMooy 
(1965). 
The third objective to use a zone-placement method of 
phosphorus to simulate high rates of broadcast P was ac­
complished, but the economic aspects of the method could not be 
assessed. Dry weather conditions did not allow for normal yield 
levels to be attained so P fertilization was not at all profit­
able in the broadcast P study with varieties or in the zone-
placement study. Positional unavailability of the applied P 
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during July and August undoubtedly altered the outcome from 
that which would have been obtained under conditions of a more 
adequate soil moisture supply. 
The actual mechanism by which P fertilization induced in­
creases in nodulation was not determined in this study. How­
ever, the data did not support either the hypothesis that P 
stimulated rhizobial population increases or that P increased 
the receptivity of the host plant to the bacteria. Further 
experiments are needed to determine if the biochemical systems 
in the P responsive varieties cause a better exploitation of 
the symbiotic N-fixation mechanism. 
1966 Zone-Placed P Study 
The objectives of the 1966 experiments were similar to 
those of the zoned P study completed in 1965, Modifications 
were made as mentioned in the Methods Section, Inoculation 
treatments were omitted because they were shown to be inef­
fective in 1965. The data indicated that an investigation of 
the mechanism involved in nodulation responses to P fertili­
zation would require another set of experiments using a differ­
ent approach than the zone-placed P fertilization study. The 
specific objectives of the 1966 experiments were: 1. To 
continue field studies that would allow re-examination of the 
conclusions reached by deMooy (1965) in his pot culture study. 
2. To determine the effects of application of large amounts of 
P fertilizer on the nutrient content of soybean leaves by use 
of tissue analyses, 3, To use effectively a zone-placement 
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method which would simulate high rates of broadcast fertilizer. 
4. To investigate further the potential of certain soybean 
lines to respond to P fertilization, 5, To elucidate the 
difference between varieties that were and were not responsive 
to P fertilization. 
The results at each experimental location will be discussed 
individually with regard to each attribute measured and a com­
bined analysis presented in summation. 
Agronomy Farm experiment 
The Agronomy Farm site at Ames was on a Nicollet silt loam 
testing low in available P. Surface and internal drainage were 
adequate. In 1966, the soil moisture reserve in the root zone 
was above 5 inches through June, Then, however, a dry July and 
August created moisture stresses during pod filling. Compared 
to 1965 the moisture supply was much better and was reflected 
in the magnitude of the bean yields in all treatments. Rainfall 
data are presented in Appendix B Table B.l. Judging from the 
higher check plot yields of all varieties at the Clarion-Webster 
and Carrington-Clyde Experimental Farms, it would appear that 
moisture stresses did occur at the Agronomy Farm site. 
In Table 30 the seed yields and their components, seed 
size and seed set, are presented and arranged so that the mean 
yields of each variety at each P treatment level can be ob­
served, Seed yields ranged from 15.4 cwt. per acre to 23.8 
cwt. per acre depending on the variety and P treatment in 
question. P.I. 68600 was the lowest yielding variety at all 
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Table 30. Seed yield, weight per 100 seeds, seed set and dry matter 
accumulation at stage 7 of six soybean varieties as influenced 
by five levels of applied P in the 1966 experiment conducted 
at the Agronomy Farm at Ames, Iowa. 
Variety Seed Seed Seed Total dry 
Yield size set matter at 
stage 7 
cwt./acre g./lOO seeds xlO ^  seeds/acre lbs/acre 
P.I. 86102 0 16.35 14.48 51312 4114 
150 19.09 14.64 59175 4978 
300 20.72 15.40 61101 4963 
600 20.54 15.27 61065 5045 
1200 20.29 15.20 60628 4627 
P.I. 68600 0 15.41 13.68 51170 5222 
150 16.96 13.98 55088 5025 
300 18.02 13.89 58899 4387 
600 17.97 14.19 57505 4651 
1200 18.99 14.51 59433 5016 
Harosoy 0 18.77 17.23 49667 4834 
150 19.76 17.57 51098 3965 
300 . 19.74 16.45 54488 5078 
600 22.94 17.93 58032 4305 
1200 22.64 17.94 57130 4094 
Amsoy 0 21.01 16.30 59056 4226 
150 23.15 18.02 58315 5059 
300 23.88 17.85 60739 4272 
600 23.86 18.06 60042 4118 
1200 22.64 17.13 60020 4603 
P.I. 70242 0 17.34 14.60 53823 4003 
150 17.87 13.75 58991 4113 
300 18.65 13.00 65233 6129 
600 18.94 12.97 66104 4363 
1200 19.03 13.54 63796 4651 
P.I. 91150 0 18.61 14.03 60163 4181 
150 19.12 13.52 64170 4886 
300 20.43 13.53 68566 4387 
600 21.75 13.72 71992 5170 
1200 20.82 13.81 68455 4661 
Means 0 17.91 15.05 54199 4430 
150 19.32 15.25 57806 4671 
300 20.24 15.02 61504 4869 
600 21.00 15.36 62457 4609 
1200 20.73 15.35 61577 4609 
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levels of applied P, while Amsoy was the top yielder at all 
levels of applied P. Varieties were highly significantly 
different in their seed yields, and all responded to P fertili­
zation to some degree. 
Phosphorus treatments produced highly significant differ­
ences, and the P by variety interaction approached significance. 
Plots of the yield response curves of each variety suggested 
that the linear P by variety interaction was present. 
Therefore a simplified analysis was made using only the data 
from the 0, 150 and 300 pp2m P levels. Table 31 contains the 
resultant analysis. A linear P by variety interaction was 
indeed present and the individual sums of squares for each 
variety were calculated. All varieties had significant linear 
regression coefficients which are included in Table 31. By a 
set of orthogonal comparisons it was determined that P.I. 86102 
and P.I. 70242 differed in their linear b values due to applied 
Po However, Amsoy and Harosoy were not significantly different 
than the P.I. lines at this location. 
Analysis of the seed weight character indicated that the 
varieties were highly significantly different, with Amsoy and 
Harosoy having the largest weights per seed. Phosphorus 
treatments, as indicated in Table 30, did not significantly in­
crease weight per seed, although visual observation suggested 
that it did. 
The other yield component, seed set, was calculated and is 
also included in Table 30. Varieties were highly significantly 
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Table 31, The linear and quadratic mean squares associated 
with the individual P by variety interactions in the 
reduced analysis of variance on the seed yield data 
from the 1966 experiment conducted at the Agronomy 












Varieties linear quadratic 
P.I, 86102 28.645** 0.601 0,0145 0,0044 
P,I. 68600 10.218** 0,123 0.0087 0.0016 
Harosoy 1,401 0,513 0,0032 0,0002 
Amsoy 12.413** 1,003 0,0096 0,0019 
P.I. 70242 2,574 0,031 0.0044 0,0004 
P,I. 91150 5,005++ 0,325 0.0061 0.0008 
**Denotes significance at 1% probability level. 
++Denotes significance at 10% probability level. 
different; P.I, 91150 having the largest seed set and P.I. 
70242 the second largest. Recall that these same lines had the 
smallest weight per 100 seeds, Amsoy, which had the largest 
weight per seed did not have the smallest seed set as might have 
been expected from the seemingly inverse relationship of seed 
weight and set exhibited in the P,I. lines. 
Phosphorus treatments increased the average seed set by 
approximately 15% at the 600 pp2m P level and the differences 
were highly significant. Differential responses were not sta­
tistically detectable, but it appeared from the data that Amsoy 
and Harosoy did not respond in seed set to as large a degree as 
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did the other varieties. Of the 13,7% increase in seed yield 
made by Amsoy at the 300 pp2m P level, 9.5% was due to increases 
in weight per seed and only 4.2% to increased seed set. On the 
other hand the P.I. lines that appeared to have the largest in­
creases in yield due to applied P, made larger increases in seed 
set than in weight per seed. For example, at the 300 pp2m P 
level P.I. 68600 increased 1,5% in seed weight and 15% in seed 
set. It will be shown later that this trend existed at all 
sites. It is of note that Lathwell and Evans (1951) observed 
that the number of pods retained by soybean plants in their ex­
periments was conditioned by the N status of the plant. An 
inference can then be made that P fertilization had an effect 
on the N supply of the P.I. lines used in this study. Further 
examination of seed weight and seed set components of yield will 
be made on the data from the other experimental locations. 
Total dry matter accumulation measured at stage 7, as 
indicated in Table 30, did not sKow measurable differences due 
to variety or P treatments individually. However, a P by va­
riety interaction, statistically significant at the 10% proba­
bility level, was present. The interaction appeared to arise 
from the fact that not all varieties showed increases in dry 
matter accumulation with the initial increment of applied P. 
P.I. 86102, P.I. 91150, P.I. 70242, and Amsoy increased in dry 
matter accumulation with the first increment of applied P. 
Harosoy and P,I, 68600 decreased in accumulation with the first 
increment of P. In fact, the dry matter yield of P.I. 68600 at 
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stage 7 was depressed by the applied P at all rates. 
Nodule numbers and weights per plant were measured at 
stage 7 and the results presented in Table 32, Variety differ­
ences in numbers of nodules per plant were significant at the 
1% level, P.I. 86102, Amsoy and Harosoy were highest in nodule 
numbers and were all about equal. P.I. 91150 produced the 
smallest average number of nodules per plant. Phosphorus 
treatments produced an average increase of 34% in numbers of 
nodules at the 150 pp2m P level, but not all varieties responded 
similarly. A highly significant P by variety interaction was 
present. Two peaks in nodule numbers were observed. The 
initial one at the 150 pp2m P level and the second between the 
600 and 1200 pp2m P levels. Varieties differed with regard to 
the P levels at which they reached the second peak. An examina­
tion of the interaction did not indicate that the varieties 
responded differentially in nodule numbers in the initial incre­
ments of applied P as they did in terms of seed yield. 
Nodule weights per plant were not measurably different for 
the varieties. However, P treatments were highly significantly 
influential in increasing the nodule weight per plant. The same 
tendency existed as noted in nodule numbers. The initial incre­
ment of P produced a peak in nodule weight and the second incre­
ment caused a reduction to about the same level as the control 
treatment. Further additions of P increased the nodule weights 
per plant to a maximum near the 1200 pp2m P level. The 
interaction sums of squares were attributed to the differences 
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Table 32. Nodules per plant and nodule weight per plant at growth stage 7 
of six soybean varieties as influenced by five levels of applied 




at stage 7 
Nodule weight 
per plant at 
stage 7 
numbers/plant g. 
P.I. 86102 0 98 .31 
150 153 .57 
300 135 .61 
600 114 .55 
1200 165 .65 
P.I. 68600 0 76 .28 
150 93 .37 
300 67 .32 
600 115 .44 
1200 120 .51 
Harosoy 0 94 .34 
150 219 .76 
300 72 .33 
600 166 .63 
1200 128 .61 
Amsoy 0 80 .28 
150 128 .46 
300 118 .38 
600 168 .62 
1200 133 .49 
P.I. 70242 0 106 .46 
150 66 .23 
300 72 .27 
600 96 .48 
1200 134 .82 
P.I. 91150 0 48 .26 
150 66 .42 
300 48 .29 
600 48 .30 
1200 71 .37 
Means 0 83 .32 
150 121 .47 
300 85 .37 
600 118 .51 
1200 125 .58 
LOI 
in P Levels at which the varieties reached their secondary peaks 
in nodule weight per pLant, It was not possibLe to reLate the 
nodulation characteristics to the differential seed yield re­
sponses noted earlier, because the levels of applied P at which 
varietal differences in nodulation occurred did not coincide 
with those where seed yield differences occurred. 
The N contents of the upper leaves at growth stages 2, 3, 
5, and 7 are shown in Table 33, Nitrogen content increased to 
a maximum of 6,36% N averaged over all varieties at stage 3 at 
the 1200 pp2m P level. By stage 5 a decline had begun that 
suggested initiation of translocation to the pods and seeds in 
the lower portion of the plant. At stage 7 the decline was more 
apparent and the leaf N content had been reduced to 4,57% N 
averaged over all varieties at the 1200 pp2m rate. 
At all growth stages the percent N in the different varie­
ties was highly significantly different, P.I. 70242 and Amsoy 
had the highest N concentrations at all growth stages, while 
P.I. 86102 and P.I. 68600 had the lowest N contents at all 
growth stages. There appeared to be no obvious relationship 
between the N content of the control at a given growth stage 
and the yield response potential of any soybean variety just as 
reported for 1965, Changes in the percent N from stage to stage 
were not related to the seed yield response characteristics of 
the varieties. However, as reported in the Variety Study in 
1965, the depression in percent N at growth stage 2 with the 
initial increment of applied P was inversely related to seed 
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Table 33. Nitrogen content of the upper leaves at growth stages 2, 3, 5 
and 7; N content of the whole plant at stage 7; and the total N 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Agronomy Farm at Ames, Iowa. 
Variety N content at stages N Content Total N 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%N %N %N %N %N lb. N/ac 
P.I. 86102 0 5.75 6.22 5.21 4.15 3.03 124.4 
150 5.37 6.16 5.16 4.14 3.02 150.5 
300 5.49 6.32 5.35 4.49 2.97 146.6 
600 5.74 6.20 5.31 4.46 2.97 149.9 
1200 5.73 6.21 5.17 4.56 2.85 131.5 
P.I. 68600 0 5.78 6.25 5.44 3.95 2.59 134.8 
150 5.70 6.27 5.41 3.84 2.45 223.5 
300 5.43 6.16 5.45 4.08 2.42 105.6 
600 5.67 5.84 5.35 4.01 2.64 122.9 
1200 5.51 6.21 5.31 4.25 2.58 129.4 
Harosoy 0 5.68 6.38 5.51 4.34 2.72 131.1 
150 5.47 6.29 5.46 4.38 2.84 111.8 
300 5.63 6.42 5.38 4.45 2.77 140.9 
600 5.79 6.31 5.42 4.44 2.75 117.9 
1200 5.36 6.38 5.39 4.62 2.77 113.5 
Amsoy 0 5.93 6.50 5.61 4.68 2.87 121.8 
150 5.64 6.41 5.64 4.75 2.72 137.5 
300 5.58 6.41 5.56 4.87 2.87 122.4 
600 5.73 6.38 5.65 4.84 2.77 114.7 
1200 5.66 6.47 5.41 4.81 2.72 125.3 
P.I, 70242 0 5.87 6.42 5.81 4.66 2.90 116.3 
150 5.98 6.64 5.46 4.81 2.84 116.7 
300 5.96 6.53 5.56 4.81 2.76 166.7 
600 5.93 6.57 5.73 4.76 2.88 125.3 
1200 6.05 6.57 5.62 4.70 2.84 132.1 
P.I. 91150 0 5.75 6.19 5.38 4.50 2.91 120.9 
150 5.67 6.10 5.39 4.56 2.74 133.6 
300 5.56 6.24 5.36 4.46 2.86 125.9 
600 5.62 6.15 5.42 4.60 2.86 147.7 
1200 5.67 6.29 5.34 4.47 2.98 139.0 
Means 0 5.79 6.33 5.49 4.38 2.83 124.9 
150 5.64 6.31 5.42 4.41 2.77 128.9 
300 5.61 6.35 5.44 4.53 2.77 134.7 
600 5.75 6.24 5.48 4.52 2.81 129.3 
1200 5.66 6.36 5.37 4.57 2.79 128.5 
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yield response, (r = -0.84**). The greater the percent N de­
pression the larger the yield increase due to the initial 
increment of applied P. This could be explained as a dilution 
of the N supply by increased growth at early stages due to the 
P applications. 
Phosphorus treatments depressed the percent N at growth 
stages 2 and 3 and the amount of depression in stage 2 was 
related to yield increases as stated above. However, at growth 
stage 5 the depressive action of the P on N content was not 
evident, and by stage 7 the percent N was significantly in­
creased by the P applications. The differential response in 
percent N due to P at stage 2 was explained by the fact that 
P.I. 68600 and P.I. 91150 continued to have measurably depressed 
N contents beyond the 150 pp2m P level, while the other varie­
ties did not. 
Varietal N contents of the whole plants at stage 7 were 
significantly different at the 5% probability level as shown in 
Table 33. The varieties did not rank in the same order as they 
did with regard to the N content of the upper leaves. P.I. 
86102, P.I. 91150, and P.I. 70242 were all high in N and P.I. 
68600 ranked lowest. Phosphorus fertilization did not measur­
ably affect the percent N in the whole plants and varieties 
responded similarly to the applied P. Varietal differences in 
the total N uptake were not present, but it appeared that P 
**Denotes significance at 1% level. 
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treatments tended to increase the total N uptake. The differ­
ences due to P fertilization were not statistically significant. 
However, a tendency toward a P by variety interaction existed. 
Graphs of the total N uptake data at stage 7 failed to reveal a 
general relationship of seed yield and total N uptake. As an 
example, P.I, 86102 and Amsoy, which had the largest linear b-
values in seed yield response were not linear in total N uptake 
response. In addition, P.I, 68600 which had a positive linear 
b value in seed yield similar to that of Amsoy, actually ac­
cumulated less N at the 300 pp2m P level than at 0 P. 
Phosphorus analyses of the upper leaf tissue were made at 
stages 2, 3, 5, and 7 and the results are reported in Table 34, 
Phosphorus content did not change appreciably from stage 2 
through 5, However, at stage 7 it was substantially reduced 
indicating that translocation from leaves to pods and seeds was 
occurring. Varieties were not significantly different in their 
P content at the early growth stages, but became highly sig­
nificantly different in stages 5 and 7, P.I, 70242 had the 
highest P content at all growth stages except 7 where both 
Harosoy and Amsoy had higher P contents. P.I, 68600 and P.I. 
86102 had the lowest P contents of all varieties at the stages 
of growth samples. It should be noted that these same varie­
ties had correspondingly high and low N content respectively. 
Phosphorus treatments had a highly significant effect on 
increasing the plant content of P. At stage 2 a maximum 
content of 0,46% P was recorded at the 1200 pp2m P treatment 
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Table 34. Phosphorus content of the upper leaves at growth stages 2, 3, 5 
and 7, P content of the whole plant at stage 7, and the total P 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Agronomy Farm at Ames, Iowa. 
Variety P I content at stages P content Total P 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%P %P %P %P %P lb. P/ac 
P.I. 86102 0 .32 .36 .33 .20 .19 7.7 
150 .30 .36 .33 .22 .20 10.0 
300 .31 .37 .35 .25 .21 10.3 
600 .38 .39 .37 .27 .22 11.4 
1200 .42 .42 .37 .27 .22 10.2 
P.I. 68600 0 .33 .36 .35 .17 .15 8.0 
150 .34 .38 .36 .20 .17 8.3 
300 .35 .37 .36 .22 .17 7.4 
600 .40 .38 .36 .23 .19 9.0 
1200 .40 .43 .37 .28 .23 11.5 
Harosoy 0 .33 .38 .35 .20 .16 8.0 
150 .34 .39 .36 .24 .20 7.6 
300 .38 .39 .36 .26 .18 9.3 
600 .46 .40 .37 .29 .22 9.6 
1200 .50 .45 .39 .37 .29 12.0 
Amsoy 0 .36 .40 .37 .23 .19 8.2 
150 .36 .40 .38 .26 .19 9.5 
300 .34 .41 .37 .27 .20 8.5 
600 .41 .44 .39 .32 .22 9.4 
1200 .50 .46 .39 .36 .26 11.9 
P.I. 70242 0 .38 .41 .39 .21 .20 8.1 
150 .37 .43 .39 .22 .18 7.4 
300 .39 .42 .38 .24 .18 11.1 
600 .43 .44 .40 .29 .23 10.3 
1200 .48 .47 .39 .33 .27 12.4 
P.I. 91150 0 .34 .39 .34 .21 .18 7.6 
150 .37 .41 .36 .22 .18 8.6 
300 .39 .39 .36 .24 .19 8.6 
600 .45 .40 .35 .27 .22 11.3 
1200 .46 .47 .35 .30 .27 12.8 
Means 0 .34 .38 .36 .20 .18 7.9 
150 .35 .40 .36 .23 .19 8.6 
300 .36 .39 .36 .25 -19 9.2 
600 .42 .41 .37 .28 .22 10.1 
1200 .46 .45 .38 .32 .26 11.8 
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averaged over all varieties. This value is not as high as the 
0o67% P reported by Mederski (1950) in a pot culture study. It 
is, however, above the 0,25% to 0.45% P range reported by 
Ohlrogge (1960) as optimum in growth stage 2. At stage 5 
deMooy (1965) reported as high as 1,50% P in the leaves in a 
pot culture study, but in this field experiment the maximum at 
stage 5 was 0.38% P, Even the control treatments were within 
the optimum range as stated by Ohlrogge (1960) for stages 2, 3 
and 5, The optimal range in P content at stage 7 is reported 
to be 0.25 to 0,35% P and it was attained by plants receiving 
the 300 through 1200 pp2m P treatments. Control treatments by 
stage 5 were in the deficient category. Low soil moisture 
content in the volume of fertilized soil during stages 5 and 7 
may account for the reduced effectiveness of the lowest P 
rates. 
Varieties reacted similarly to P treatments at stages 2 
and 3, but a P by variety interaction existed in stages 5 and 
7. In stage 7, P.I. 86102 and P,I. 91150 had smaller increases 
in P concentration with applied P than did all other varities. 
Phosphorus content in all varieties increased at the same rate 
with the first two increments of P, but varieties P.I. 86102 
and P.I. 91150 were different than the other varieties with 
regard to changes in P content above the 300 pp2m P level. 
The percent P in the whole plants at stage 7 is reported 
in Table 34, Varieties were not significantly different from 
each other, but the P treatment differences were highly 
107 
significant. A P by variety interaction was apparent, which 
was attributable to Harosoy and P.I. 68600 making linear in­
creases in P content from the 0 level and up, while the other 
varieties did not increase in percent P until the 300 pp2m P 
level was applied. 
Total P uptake data also are shown in Table 34. Varieties 
were not significantly different in their uptake values, but P 
treatment increased the total uptake from 7.9 lbs. per acre on 
the check plots to 11.8 lbs. per acre with the 1200 pp2m P 
treatment. Comparison of the yield response curve and the P 
uptake curve at growth stage 7 indicated a poor relationship, 
because the essentially linear response in P uptake did not 
parallel the curvilinear yield plot. In the linear portion of 
the yield response curve the b values were all positive. How­
ever, a negative response in P uptake occurred in P.I. 68600, 
which was one of the most yield responsive varieties in the 
study. In addition the slopes of the P uptake curves for the 
other varieties did not coincide with the slopes of the re­
spective yield curves. 
If the optimal P content values quoted in the literature 
are correct it would appear that the plants grown on the check 
plots were adequately supplied with P until stage 7. It would 
seem logical that the seed yield response to the higher P rates 
could therefore be attributed to an effect of P beyond the P 
nutrition of the plant per se. 
Potassium content of the upper leaves decreased steadily 
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from stage 2 through 7, The decrease is attributed to a di­
lution effect, since the dry matter accumulation rate was more 
rapid than K uptake. Little translocation of K to the seeds 
occurs in soybeans and apparent storage of K in the leaves did 
not occur as observed with N and P. Varieties proved to be 
significantly different at growth stages 2, 3, and 7 but not at 
stage 5, P.I. 91150 exhibited the highest K content at stages 
2 and 3 and Harosoy had the highest content at stage 7, while 
the variety with the lowest K content was different at each 
growth stage. 
Phosphorus treatments significantly decreased K contents 
in the upper leaves at stages 2 and 3 and increased the K 
content in stages 5 and 7. These observations are similar to 
those made on the effect of P fertilization on N content of the 
upper leaves. The P by variety interaction was present in 
stage 2 and was related to the reactions of Harosoy and Amsoy 
which decreased in K content with applied P at a lesser rate 
than the other varieties. In Table 35 the percent K in the 
whole plants is also shown and it appeared that neither the va­
riety nor the P treatment influenced it. Total K uptake tended 
to be increased by the P treatments, but the increase was not 
statistically significant. 
Protein and oil contents of the harvested seed are pre­
sented in Table 36, Statistical analyses were not performed as 
the chemical analyses were made on composite samples from the 
replicates. Protein content appeared to be slightly increased 
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Table 35. Potassium content of the upper leaves at growth stages 2, 3, 5 
and 7, K content of the whole plant at stage 7, and the total K 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Agronomy Farm at Ames, Iowa. 
Variety K content at stages K content Total K 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%K %K %K %K 7oK lb. K/ ac 
P.I. 86102 0 2.65 2.17 2.12 1.51 1.61 66.3 
150 2.56 2.13 2.12 1.51 1.71 85.3 
300 2.53 2.31 1.99 1.53 1.69 83.6 
600 2.44 2.16 2.11 1.63 1.61 81.8 
1200 2.55 2.15 2.19 1.60 1.64 76.0 
P.I. 68600 0 2.53 2.15 2.15 1.41 1.64 85.6 
150 2.41 1.91 2.07 1.47 1.64 82.0 
300 2.45 1.96 2.03 1.43 1.80 78.7 
600 2.35 1.91 2.01 1.29 1.72 78.8 
1200 2.33 1-93 2.08 1.47 1.73 86.9 
Harosoy 0 2.60 2.21 2.09 1.60 1.80 87.2 
150 2.60 2.08 2.03 1,61 1.80 69.7 
300 2.51 2.01 2.11 1.67 1.79 90.8 
600 2.64 2.04 2.03 1.59 1.79 77.4 
1200 2.61 2.07 2.13 1.68 1.96 80.4 
Amsoy 0 2.39 1.92 1.88 1.53 1.72 72.5 
150 2.40 1.84 1.93 1.52 1.71 86.2 
300 2.37 1.99 2.01 1.61 1.77 75.7 
600 2.29 1.89 1.88 1.57 1.69 69.7 
1200 2.44 1.91 1.87 1.67 1.89 86.3 
P.I. 70242 0 2.47 2.05 2.04 1.48 1.83 71.9 
150 2.41 1.92 2.01 1.41 1.56 64.6 
300 2.48 1.93 2.08 1.45 1.63 98.8 
600 2.47 1.95 2.17 1.47 1.64 71.4 
1200 2.25 2.04 2.15 1.52 1.56 71.9 
P.I. 91150 0 2.77 2.28 2.04 1.56 1.60 67.7 
150 2.65 2.31 2.09 1.59 1.63 79.7 
300 2.72 2.17 2.04 1.60 1.79 78.0 
600 2.72 2.24 1.96 1.59 1.67 87.6 
1200 2.59 2.04 2.07 1.61 1.60 74.5 
Means 0 2.57 2.13 2.05 1.52 1.70 75.2 
150 2.51 2.03 2.04 1.52 1.67 77.9 
300 2.51 2.06 2.04 1.55 1.74 84.3 
600 2.48 2.03 2.03 1.52 1.69 77.8 
1200 2.46 2.02 2.08 1.59 1.73 79.3 
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Table 36. Protein and oil content of the seed and total protein production 
of the seed of six soybean varieties as influenced by five levels 
of applied P in the 1966 experiment conducted at the Agronomy 
Farm at Ames, Iowa. 
Variety Protein Total 
Protein 
Oil 
% lbs./acre % 
P.I. 86102 0 40.6 664 20.3 
150 39.7 758 20.7 
300 40.4 837 20.7 
600 40.5 832 20.6 
1200 40.5 822 20.5 
P.I. 68600 0 41.5 640 21.2 
150 41.5 704 20.6 
300 41.9 755 20.8 
600 41.0 737 19.9 
1200 41.2 782 20.1 
Harosoy 0 39.5 741 21.7 
150 39.0 771 22.2 
300 40.6 801 20.9 
600 40.3 924 22.2 
1200 39.6 897 21.2 
Amsoy 0 37.7 792 22.2 
150 39.0 903 22.9 
300 38.3 915 22.2 
600 38.5 919 21.9 
1200 38.7 876 23.6 
P.I. 70242 0 41.7 723 19.0 
150 42.6 761 19.7 
300 42.3 789 19.0 
600 43.3 820 22.1 
1200 42.2 803 19.0 
P.I. 91150 0 39.0 726 19.2 
150 40.1 767 23.1 
300 41.0 838 21.4 
600 40.8 887 21.0 
1200 41.5 864 21.9 
Means 0 40.0 716 20.6 
150 40.3 779 21.5 
300 40.8 826 20.8 
600 40.7 855 21.3 
1200 40.6 842 21.0 
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by P fertilization in all varieties except P.I. 86102, P.I. 
68600, P.I. 91150 and P.I. 86102 had the largest increases in 
total protein with the second increment of applied P, and these 
varieties also had the largest seed yield increase within the 
second increment of applied P. The fact that these varieties 
produced the largest yield increases with applied P by means of 
increased seed set and also put the most N into the seed would 
indicate that the P application influenced the N regime of the 
plant. 
Oil content of the seed was not measurably affected by P 
fertilization at the Agronomy Farm location. However, increased 
total oil production were directly related to seed yield in­
creases when P was applied, 
Carrington-Clyde experiment 
The Carrington-Clyde experimental site at Independence was 
located on a Clyde-Floyd silt loam, testing medium to low in 
available P. It lies on a 3-5% slope and had adequate internal 
and surface drainage characteristics. Moisture problems at this 
site were an excess rather than a deficit. Weed control re­
mained a problem throughout the season as the excessive soil 
moisture decreased the effectiveness of the preemergence 
herbicide treatment. Little, if any moisture stress occurred 
at any time during the growing season. 
Seed yields, as shown in Table 37, were the highest of any 
site in the study. Individual plots yielded as high as 30 cwt. 
per acre. The Amsoy variety averaged 27.0 cwt. per acre over 
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Table 37. Seed yield, weight per 100 seeds, seed set and dry matter 
accumulation at stage 7 of six soybean varieties as influenced 
by five levels of applied P in the 1966 experiment at the 










cwt. /acre g./lOO seeds -3 xlO seeds/acre lbs/acre 
P.I. 86102 0 17 .63 19 .29 41439 4608 
150 19 .31 18 .84 46529 5074 
300 18 .87 18 .60 46179 4761 
600 18 .47 18 .52 45282 5424 
1200 17 .51 18 .96 42116 5319 
P.I. 68600 0 20 .02 17 .74 51262 4411 
150 21 .79 18 .11 54633 4099 
300 23 .56 19 .18 58958 4795 
600 23 .00 18 .13 57638 5510 
1200 21 .24 18 .20 52971 4541 
Harosoy 0 23 .82 22 .13 48886 4282 
150 25 .11 21 .  72 52520 4440 
300 25, .63 23 .09 50423 4795 
600 25, .45 22, .82 50656 4704 
1200 23 .56 22 .62 47308 4335 
Amsoy 0 26. 54 21, .53 55950 4248 
150 26, .38 21, .55 55584 4176 
300 25. 70 22. ,12 57602 4829 
600 27. ,86 22. ,03 57423 5218 
1200 25. ,92 20. ,77 57237 4957 
P.I. 70242 0 22. ,26 17. ,28 58754 3293 
150 24. ,40 16. 39 67611 4320 
300 25. ,59 16. 37 71016 4066 
600 23. ,62 17. 94 59542 5016 
1200 24. 55 16. 26 68584 4349 
P.I. 91150 0 22, 56 16. 43 62388 4123 
150 25. 28 16. 63 69024 4824 
300 24. 96 16. 39 69222 5314 
600 25. 79 16. 69 70310 5198 
1200 25. 42 16. 55 69711 5477 
Means 0 22. 14 19. 07 53113 4161 
150 23. 71 18. 78 57650 4489 
300 24. 45 19. 12 58900 4760 
600 24. 03 19. 35 56809 5178 
1200 23. 04 18. 89 56321 4829 
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all treatments and produced the highest average treatment yield 
of 28,0 cwt. per acre at the 300 pp2m P level. The P.I, 86102 
and P.I. 68600 lines had the lowest yields over all P treatments 
as they did at the two other experimental locations in 1966. 
Phosphorus treatments increased the average yield of all 
varieties by 10% over the check yield with the 300 pp2m P 
treatment. All lines and varieties excepting P.I. 91150 at­
tained maximum yields at the 300 pp2m P level, A graph of the 
yield response curves for each variety revealed a possible 
difference in the slopes of the curves, even though the P by 
variety interaction was not significant. A reduced analysis of 
the data shown in Table 38 indicated that only P,I. 68600, P.I. 
70242, Harosoy and P.I, 91150 had significant linear b values. 
Further comparison of these did not reveal statistical differ­
ences among them. It is of note, however, that the standard 
partial regression coefficients shown in Table 38 indicated that 
P,I. 70242, P.I. 91150 and P.I. 68600 were relatively higher in 
their linear responses to applied P then was Harosoy. 
Weight per seed and the seed set data are also presented 
in Table 37, Varieties were highly significantly different with 
regard to each of these factors. Harosoy and Amsoy had the 
largest weights per seed in that order, while P.I, 91150 had 
the smallest weight per seed. Seed set was largest for P,I. 
91150 and least for P.I. 86102 line. The inverse relationship 
of seed weight to seed set noted at the Agronomy Farm site was 
not as pronounced in this experiment. It should be noted that 
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Table 38. The linear and quadratic mean squares associated 
with the individual P by variety interactions in the 
reduced analysis of variance on the seed yield data 
from the 1966 experiment conducted at the Carrington-
Clyde Experimental Farm at Independence, Iowa, 
Simple effects Linear 
of p partial Standardized 
regression regression 
Varieties linear quadratic coefficients coefficients 
b b 
P,I. 86102 2,294 2.254 0.0041 0,0003 
P.I. 68600 18,762** 0.000 0.0118 0,0023 
Harosoy 4.932 0.294 0.0061 0,0006 
Amsoy 3.527 1.717 0.0051 0.0004 
P.I. 70242 16.633** 0.445 0.0111 0,0020 
P.I. 91150 8.592++ 4.600 0.0080 0,0010 
**Denotes significance at 1% probability level, 
++Denotes significance at 10% probability level. 
average seed weights were 25% greater at the Carrington-Clyde 
site than at the Agronomy Farm. This difference in seed weight 
accounts for the difference in magnitude of yields between the 
Agronomy Farm and the Garrington-Clyde site. 
Phosphorus treatments did not appear to have an appreciable 
effect on seed weight, but the differences in seed set due to P 
fertilization were highly significant. 
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The approximate 10% increase in average seed yield due to 
applied P was accounted for by a corresponding 10% increase in 
the number of seeds set, A P by variety interaction existed in 
the weight per seed data and was attributable to the P.I. 86102 
and P.I. 70242 actually decreasing in seed weight as P was 
applied, while seed weight of the other varieties increased with 
applied P. This interaction was not present in the seed set 
data. Contrary to the data obtained at the Agronomy Farm site, 
seed set of Amsoy increased at this location. 
It is of interest to note that at the 600 pp2m P level only 
about one-half of the yield increase of Amsoy and Harosoy was 
attributable to increases in seed set. On the other hand, the 
increase in seed yield due to P fertilization in the P.I. lines 
was practically all attributable to seed set increases. As an 
example the 6.9% seed yield increase in Harosoy was accounted 
for by a 3.6% increase in seed weight and a 3.3% increase in 
seed set, while the 14.9% yield increase in P.I. 68600 was 
accounted for by a 2.1% increase in seed weight and a 12.8% in­
crease in seed set. 
Total dry matter yields measured at stage 7 are also pre­
sented in Table 37, Varieties were not different in this 
respect and all behaved similarly with respect to applied P. 
Application of P produced highly significant increases in dry 
matter production at stage 7 in all varieties, A quadratic 
response curve was observed that peaked at the 600 pp2m P level 
with a decrease in dry matter occurring at the 1200 pp2m P 
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level. It is of interest that the maximum dry matter yield was 
not attained at the same level of applied P as was the seed 
yield maximum. It took less applied P to reach a maximum seed 
yield than a maximlum dry matter yield. 
Nodules per plant and the weight of nodules per plant were 
not different for the varieties as shown in Table 39, This is 
in contrast to the observations at the Agronomy Farm location, 
where nodule numbers were fewer on the P,I. 91150 variety at 
all P levels. Phosphorus treatments produced increases in 
nodule numbers and nodule weights per plant significant at the 
10% and 5% probability levels respectively. Nodule numbers and 
weights reached a maximum at the 150 pp2m P level and then de­
clined to the check levels with the 1200 pp2m P treatment. 
These observations do not coincide with those of the Agronomy 
Farm location and in addition, the P by variety interactions 
observed at the Agronomy Farm site were not measurable at the 
Carrington-Clyde location. The patterns of nodulation responses 
were not related to the varietal differences in seed yield re­
sponse observed. For example, Amsoy and P,I. 86102 which had 
no appreciable seed yield responses to P increased in nodulation 
in amounts equivalent to the other varieties. 
The N contents of the upper leaves are presented in Table 
40, N content increased in all varieties from stages 2 to 3 
and then increased only slightly through stage 5. A substantial 
decrease of about 20% occurred in the percent N from stage 5 to 
7, reflecting translocation of the stored N to the seeds. 
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Table 39. Nodules per plant and nodule weight per plant at growth stage 7 
of six soybean varieties as influenced by five levels of applied 
P in the 1966 experiment conducted at the Carrington-Clyde 
Experimental Farm at Independence, Iowa. 
Variety Nodules 
per plant 
at stage 7 
Nodule weight 
per plant at 
stage 7 
numbers/plant g. 
P.I. 86102 0 108 1.01 
150 144 1.30 
300 100 0.91 
600 152 1.33 
1200 118 0.94 
P.I. 68600 0 74 0.51 
150 106 0.81 
300 140 1.19 
600 100 0.66 
1200 100 0.80 
Harosoy 0 152 0.89 
150 188 1.31 
300 152 1.16 
600 126 0.93 
1200 124 0.78 
Amsoy 0 120 0.61 
150 158 1.08 
300 84 0.61 
600 117 0.77 
1200 140 0.94 
P.I. 70242 0 94 1.02 
150 152 1-41 
300 108 1.11 
600 111 1.21 
1200 89 1.09 
P.I. 91150 0 132 1.06 
150 174 1.68 
300 150 1.73 
600 127 1.13 
1200 92 0.71 
Means 0 113 0.85 
150 154 1.27 
300 122 1.12 
600 122 1.01 
1200 111 0.88 
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Table 40. Nitrogen content of the upper leaves at growth stages 2, 3, 5 
and 7, N content of the whole plant at stage 7, and the total N 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Carrington-Clyde Experimental Farm at Independence, Iowa. 
Variety N ' content at stages N content Total N 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%N 7oN %N %N %N lb. N/ac 
P.I. 86102 0 5.28 5.82 5.83 5.02 3.39 154.5 
150 4.84 5.92 5.83 4.89 3.36 170.3 
300 4.84 5.78 5.65 4.92 3.12 148.5 
600 5.09 6.03 6.01 4.89 3.06 166.6 
1200 4.94 5.82 5.85 4.86 3.20 170.1 
P.I, 68600 0 4.91 5.70 5.69 4.83 2.86 127.4 
150 4.77 5.73 5.79 4.79 2.93 119.7 
300 4.86 5.90 5.71 4.92 3.05 146.3 
600 4.88 5.84 5.71 4.79 2.99 163.9 
1200 4.75 5.94 5.58 4.95 2.95 133.6 
Harosoy 0 4.84 5.77 6.03 5.12 3.29 139.1 
150 4.52 5.91 6.16 4.85 3.20 141.7 
300 4.90 6.12 6.10 5.01 3.38 160.6 
600 4.76 5.84 5.91 5.00 3.01 140.1 
1200 4.68 5.79 5.96 5.03 3.01 130.6 
Amsoy 0 5.02 5.70 6.03 5.14 3.07 129.3 
150 4.79 5.94 6.28 5.12 3.18 132.3 
300 4.39 5.69 6.31 5.21 3.19 153.5 
600 4.80 5.87 6.33 5.11 3.14 163.2 
1200 4.84 5.87 6.02 4.98 3.28 159.5 
P.I. 70242 0 5.10 5.93 6.23 4.90 3.01 98.6 
150 5.11 5.96 6.09 5.07 3.31 142.7 
300 5.10 6.06 6.08 5.02 3.10 127.3 
600 5.12 6.03 5.92 5.14 2.93 145.5 
1200 5.19 6.16 5.81 5.11 3.13 135.9 
P.I. 91150 0 4.67 5.86 5.92 5.12 3.39 141.3 
150 4.91 5.84 6.03 5.00 3.03 145.7 
300 5.19 5.95 6.01 *•.*5.08 2.90 154.5 
600 4.74 5.90 5.83 5.20 3.16 162.2 
1200 5.21 5.96 6.15 5.05 3.25 177.8 
Means 0 4.97 5.80 5.95 5.02 3.17 131.7 
150 4.82 5.88 6.03 4.95 3.17 142.0 
300 4.88 5.92 5.98 5.03 3.12 148.4 
600 4.90 5.92 5.95 5.02 3.05 156.9 
1200 4.93 5.92 5.89 5.00 3.14 151.2 
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Varieties were not different in N content at stages 2 and 3, 
but were highly significantly different in growth stages 5 and 
7. In stages 5 and 7 Amsoy had the highest N content, but was 
not appreciably different than P.I. 91150, P.I. 70242, or 
Harosoy. P.I. 86102 and P.I. 68600 had the lowest N contents 
at both stages 5 and 7. 
Phosphorus treatments did not have a statistically sig­
nificant effect upon the N content at stage 2 or stage 7, but 
at stages 3 and 5 P treatments induced changes that were sig­
nificant at the 10% probability level. At stage 3 P induced an 
increase in the percent N that reached a level of 5.92% N at 
the 300 pp2m level and remained at that concentration up through 
the 1200 pp2m P level. In growth stage 5 the peak of 6,03% N 
was reached at the 150 pp2m P level and the N content declined 
steadily to 5.89% at the 1200 pp2m P level. In addition, a P 
by variety interaction existed at stage 5, which was significant 
at the 1% probability level. The P.I. 86102 and P.I, 70242 
lines declined in percent N with applied P while the other va­
rieties increased or remained constant in N content. 
The depression in percent N at stage 2 with applied P was 
not correlated with seed yield responses as was noted at the 
Agronomy Farm site, r = 0.10, and its usefulness as an indicator 
of seed yield response was minimal. Nitrogen content of the 
whole plant at stage 7 was related to the variety in question. 
Differences in the varieties were significant at the 10% proba­
bility level, with P.I. 86102, Harosoy and Amsoy being the 
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highest in percent N. The P.I. 68600 line was lowest in N 
content with 2.95% N. Phosphorus treatments did not signifi­
cantly alter the percent N, but all varieties did not react 
similarly to the applied P. It was not apparent that the 
changes in N content with applied P were related to seed yield 
responses of the varieties. As an example, P.I. 68600 and P.I. 
91150, the most responsive varieties in seed yield, reacted 
oppositely in N content changes with applied P. 
Total N uptake at stage 7 was calculated and differences 
due to varieties were not significant. Phosphorus treatment 
effects, being more precisely measured as the subplots in the 
split plot design, were found to be significantly altering the 
total N uptake at growth stage 7. A relative increase of 19% 
in total uptake was measured from the check to the 600 pp2m 
applied P level averaged over all varieties. The point of 
maximum N accumulation did not coincide with the maximum seed 
yield point with regard to the applied P level at which each 
was attained. Maximum N uptake occurred at the 600 pp2m P level 
compared to a maximum seed yield at the 300 pp2m P level. The 
same relationship was noted for seed yield and dry matter ac­
cumulation. 
Phosphorus content of the upper leaves remained practically 
constant within a given P treatment level through growth stages 
2, 3, and 5, as shown in Table 41, but declined at stage 7 when 
translocation to the seeds was occurring. Varieties were sig­
nificantly different at stages 2, 5, and 7, but were essentially 
121 
Table 41. Phosphorus content of the upper leaves at growth stages 2, 3, 5 
and 7, P content of the whole plant at stage 7, and the total P 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Carrington-Clyde Experimental Farm at Independence, Iowa. 
Variety P content at stages P content Total P 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%P %P %P %P 7oP lb. P/ac 
P.I. 86102 0 .36 .40 .38 .34 .34 15.2 
150 .37 .41 .38 .33 .30 15.3 
300 .39 .44 .38 .35 .35 16.9 
600 .42 .45 .41 .34 .35 18.8 
1200 .46 .45 .41 .33 .35 18.7 
P.I. 68600 0 .35 .39 .37 .30 .30 13.4 
150 .38 .42 .38 .31 .32 13.1 
300 .39 .43 .39 .32 .33 15.8 
600 .42 .43 .40 .32 .32 17.6 
1200 .50 .47 .40 .34 .34 15.7 
Harosoy 0 .36 .42 .39 .31 .30 12.7 
150 .38 .42 .40 .29 .30 13.4 
300 .41 .44 .40 .32 .31 14.6 
600 .44 .46 .39 .33 .32 14.9 
1200 .62 .47 .41 .32 .32 13.8 
Amsoy 0 .37 .40 .39 .33 .26 10.8 
150 .38 .41 .42 .33 .30 12.3 
300 .41 .41 .42 .33 .30 14.3 
600 .43 .43 .43 .34 .31 16.2 
1200 .58 .48 .43 .33 .33 15.9 
P.I. 70242 0 .36 .42 .41 .30 .33 10.9 
150 .40 .42 .40 .32 .30 12.9 
300 .42 .42 .41 .31 .30 12.3 
600 .46 .45 .41 .34 .32 15.9 
1200 .53 .48 .41 .34 .34 14.6 
P.I. 91150 0 .33 .41 .38 .34 .33 13.5 
150 .41 .42 .39 .33 .31 14.7 
300 .45 .42 .39 .33 .34 17.8 
600 .48 .41 .38 .35 .33 17.1 
1200 .66 .49 .43 .34 .36 19.4 
Means 0 .36 .41 .39 .32 .31 12.7 
150 .39 .42 .39 .32 .30 13.6 
300 .41 .43 .40 .33 .52 15.3 
600 .44 .44 .40 .34 .32 16.8 
1200 .56 .48 .42 .33 .34 16.3 
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the same at stage 3. No variety remained consistently highest 
or lowest in P content at the growth stages samples and the 
differences between varieties never exceeded 0.04% P in the 
leaf tissues. 
Application of P fertilizer increased the percent P in the 
upper leaves at all growth stages samples. The maximum increase 
in leaf P content due to P application was 0.33% P at stage 2 
and decline to 0.04% P at stage 7, which could be explained in 
two ways: 1. The plants developed more extensive root systems 
as the season progressed and were growing mostly in unfertilized 
soil by stage 7. 2. Dryer surface soil conditions later in 
the growing season made the applied P less available for ab­
sorption, resulting in a decrease in the P fertilizer effective­
ness. In comparison with the sufficiency ranges proposed by 
Ohlrogge (1960) the Carrington-Clyde experiment was not P 
deficient at any growth stage. In fact, the control treatments 
were near the maximum end of the suggested optimum range of 
0.25 to 0.35% P. Despite the apparently adequate P levels in 
the plant tissue of the check treatments, seed yield responses 
to applied P were observed with certain varieties. 
A P by variety interaction was present at stages 2, 5, and 
7. The strong interaction detected at stage 2 was created by 
the fact that P.I. 91150, Harosoy and Amsoy were more sensitive 
to the applied P than the other varieties in the experiment. 
The interactions observed in stages 5 and 7 were considered as 
trends as they were significant at only the 25% probability 
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level. Considering the changes in leaf P content with the 
first two increments of applied P fertilizer, it was not possi­
ble to detect a relationship with the yield response character­
istics of the varieties. 
Phosphorus content of the whole plant at stage 7 was highly 
significantly increased by P application. The maximum increase 
over the check value was 0.03% P which amounted to a 10% rela­
tive increase in P content. Total P uptake at stage 7 varied 
according to variety, P.I. 86102 and P.I. 91150 had the 
maximum uptake values of all lines and varieties studied, P.I, 
70242 had the lowest P uptake levels. Phosphorus application 
increased the total P uptake from 12.7 to 16.8 lbs, per acre at 
the 600 pp2m P level, amounting to an increase of 32% over the 
check. No P by variety interaction was detected. Maximum P 
uptake did not coincide with the maximum yield point of the 
varieties. No P by variety interaction was detected in the P 
uptake data. 
Data obtained in this experiment on the P content of the 
soybean leaves and whole plant would not support the premise 
that the seed yield response to P application was entirely an 
improvement of the P nutrition of the plants. Even though the 
concentrations of P in the leaves of the control plots were in 
excess of the recognized optimum levels, a yield response was 
obtained by applying P fertilizer. It may be that the reported 
P sufficiency ranges are in error, or that not all varieties 
have the same P requirements. The varieties most responsive in 
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seed yield were not consistently higher nor lower in P content 
than the others at any growth stage sampled nor were their P 
contents more easily influenced by P fertilization. Therefore 
it is not probable that the varieties responding most to P 
fertilization have drastically different P sufficiency levels 
than Amsoy or Harosoy, 
Potassium concentrations in the upper leaves at growth 
stages 2, 3, 5 and 7 are shown in Table 42. A decline in the K 
content was encountered from stage 2 to 7 as was reported in 
the data from the Agronomy Farm experiment. A decrease of 
about 1% K occurred, which was a 30% relative decrease from the 
values observed at stage 2, Varieties were not significantly 
different in K concentration in stages 2 and 3, but in stages 5 
and 7 varietal differences in percent K were found. The P.I, 
91150 variety had the highest percent K at all growth stages 
sampled, but the variety with lowest K content varied depending 
on the growth stage. 
Phosphorus application tended to decrease the K content at 
all growth stages, but of the growth stages sampled, the de­
crease was statistically significant at only stages 3 and 5. 
Depression of the K content could be attributed to growth 
stimulation by the P resulting in a dilution of the K supply in 
the plant. The P by variety interactions detected at growth 
stages 2, 3, and 7 were due to the fluctuation of K content 
within certain lines or varieties and were not readily explaina­
ble in terms of varietal response to P fertilizer. 
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Table 42. Potassium content of the upper leaves at growth stages 2, 3, 5 
and 7, K content of the whole plant at stage 7, and the total K 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Carrington-Clyde Experimental Farm at Independence, Iowa. 
Variety K -content at stages K content Total K 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%K %K %K %K 7oK lb. K/ac 
P.I. 86102 0 2.92 2.57 2.35 1.85 2.43 106.5 
150 2.89 2.40 2.32 1.83 2.31 115.4 
300 2.95 2.61 2.33 1.92 2.68 126.2 
600 2.91 2.48 2.28 1.88 2.48 133.6 
1200 2.81 2.40 2.23 1.64 2.49 131.3 
P.I. 68600 0 2.95 2.43 2.43 1.88 2.47 109.1 
150 2.80 2.48 2.23 1.92 2.48 102.3 
300 2.77 2.45 2.35 1.84 2.28 109.8 
600 2.96 2.33 2.21 1.88 2.29 126.6 
1200 2.93 2.64 2.35 1.92 2.36 107.4 
Harosoy 0 2.99 2.51 2.39 1.73 2.77 116.1 
150 3.05 2.49 2.28 1.55 2.43 108.4 
300 2.87 2.43 2.32 1.76 2.43 114.5 
600 2.95 2.44 2.23 1.79 2.59 121.6 
1200 2.91 2.28 2.20 1.61 2.53 107.8 
Amsoy 0 2.95 2.32 2.19 1.81 2.52 104.2 
150 2.77 2.24 2.16 1.71 2.29 94.3 
300 3.08 2.31 2.12 1.88 2.16 105.2 
600 2.85 2.39 2.12 1.77 2.41 125.5 
1200 2.84 2.28 2.17 1.71 2.13 106.6 
P.I. 70242 0 3.04 2.61 2.32 1.64 2.73 89.4 
150 3.37 2.41 2.27 1.80 2.36 102.1 
300 2.96 2.53 2.41 1.73 2.47 100.0 
600 2.95 2.43 2.24 1.71 2.37 119.8 
1200 2.92 2.53 2.25 1.81 2.36 101.7 
P.I. 91150 0 3.15 2.75 2.57 2.17 3.12 125.2 
150 3.20 2.61 2.32 1.89 2.87 137.1 
300 3.12 2.55 2.39 1.93 2.96 154.2 
600 2.93 2.44 2.35 1.95 2.47 129.6 
1200 3.01 2.53 2.31 1.92 2.65 140.5 
Means 0 3.00 2.53 2.37 1.85 2.67 108.4 
150 3.02 2.44 2.26 1.78 2.46 109.9 
300 2.96 2.48 2.32 1.84 2.50 118.3 
600 2.92 2.42 2.24 1.83 2.44 126.1 
1200 2.90 2.44 2.25 1.78 2.42 115.9 
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Potassium content of the whole plant at stage 7 was sig­
nificantly decreased by P application from 2,67% K with no P 
applied, to 2.42% K at the 1200 pp2m P level. Phosphorus 
treatments effected a change in total K uptake which was sig­
nificant at the 10% probability level. The uptake values in­
creased from 108 lbs. per acre at the check level to 126 lbs, 
per acre at the 600 pp2m P level and decreased to 116 lbs. per 
acre at the 1200 pp2m P level. 
At the Carrington-Glyde location P fertilization increased 
the percent protein of the seed in the P.I. 86102 and the P,I. 
68600 varieties as shown in Table 43. Total protein produced 
per acre increased in all varieties up to the 600 pp2m P level. 
It should be noted, however, that those varieties which appeared 
most responsive in seed yield to the applied P produced the 
largest increases in lbs. of protein per acre. At this lo­
cation where soil test P values were the highest of the three 
sites, only P.I, 68600, P.I. 86102 and P.I, 70242 appeared to 
make appreciable gains in protein production and seed yield. 
The data indicated that P fertilization certainly affected the 
amount of N stored in the seed of the most responsive varieties. 
Oil content was not appreciably affected by P fertili­
zation and the increases in oil production were a function of 
the seed yield increases due to P fertilization* 
Clarion-Webster experiment 
The Clarion-Webster experimental site at Kanawha, Iowa, 
was located on a Webster silt loam testing very low in available 
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Table 43. Protein and oil content of the seed and total protein production 
of the seed of six soybean varieties as influenced by five levels 
of applied P in the 1966 experiment conducted at the Carrington-
Clyde Experimental Farm at Independence, Iowa. 
Variety Protein Total 
Protein 
Oil 
% lbs./acre % 
P.I. 86102 0 43.4 765 17.2 
150 45.0 869 18.8 
300 44.5 840 17.0 
600 44.7 826 18.0 
1200 45.8 804 17.7 
P.I. 68600 0 44.5 891 19.6 
150 45.5 991 18.3 
300 45.9 1081 18.9 
600 44.4 1021 18.9 
1200 44.6 947 18.7 
Harosoy 0 42.8 1019 19.6 
150 42.6 1070 19.8 
300 43.1 1105 18.9 
600 42.9 1092 19.8 
1200 42.2 994 20.2 
Amsoy 0 41.0 1088 21.6 
150 40.6 1071 21.1 
300 40.9 1051 20.8 
600 40.7 1134 20.8 
1200 40.2 1042 20.9 
P.I. 70242 0 43.3 964 17.2 
150 41.5 1013 18.3 
300 43.1 1103 17.7 
600 43.9 1037 17.9 
1200 43.3 1063 17.9 
P.I. 91150 0 43.0 970 19.3 
150 42.4 1072 19.8 
300 42.9 1071 19.2 
600 43.1 1112 19.2 
1200 43.2 1098 19.4 
Means 0 43.0 952 19.1 
150 42.9 1017 19.4 
300 43.4 1061 18.8 
600 43.3 1040 19.1 
1200 43.2 995 19.1 
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P. Tile drainage was adequate to remove excess soil moisture. 
Surface drainage was poor as is typical of the area. In 1966 
the soil moisture reserves in the root zone were excellent and 
the overall crop year should be classified as above average. 
Moisture stresses were no doubt minor with the exception of a 
short stress period in late August, Rainfall data are shown in 
Table B,3 of Appendix B. Comparing the yields of the three 
sites studied in 1966, it would appear that Clarion-Webster was 
adequately supplied with soil moisture and that moisture factors 
did not limit yields. Weed infestation was at a minimum 
throughout the season. 
Seed yields at the Clarion-Webster site were intermediate 
between those obtained at the two other locations in 1966. Va­
rieties were highly significantly different in their seed 
yields, Amsoy was the highest yielder and P,I, 68600 the 
poorest. Phosphorus applications increased yields up to the 
600 pp2m P level and then caused a yield depression at the 1200 
pp2m P level as is shown in Table 44. An average increase in 
seed yield of 27,5% over the check was obtained at the 600 pp2m 
P level. 
A graph of the data suggests that perhaps the linear P by 
variety interaction might be present even though the original 
analysis of variance did not show evidence of an interaction. 
As shown in Table 45 each variety had a significant linear b 
value. Orthogonal comparisons indicated, however, that the 
linear coefficients for P,I, 68600 and P.I. 91150 differed only 
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Table 44. Seed yield, weight per 100 seeds, seed set and dry matter 
accumulation at stage 7 of six soybean varieties as influenced 
by five levels of applied P in the 1966 experiment conducted at 










cwt. /acre g. / lOO seeds -3 xlO seeds/acre lbs/acre 
P.I. 86102 0 17 .82 17 .03 47490 5117 
150 21 .14 17 .44 55012 5347 
300 21 .12 17 .88 53629 4598 
600 22 .64 18 .84 54568 5198 
1200 22 .57 17 .71 57913 5031 
P.I. 68600 0 15 .76 12 .01 59455 5059 
150 18 .85 13 .34 64132 4406 
300 22 .04 13 .91 71942 5323 
600 22 .36 14 .17 71633 5813 
1200 21, .20 14 .11 68193 5976 
Harosoy 0 19. 30 15, .60 56174 4987 
150 22 .88 18 .73 55462 5093 
300 24, .18 18, .64 58818 5640 
600 24, .61 18, .32 61013 5664 
1200 23. 05 18, .24 57362 5568 
Amsoy 0 20, .03 17, .06 53297 4512 
150 23. 99 17. 57 62001 4488 
300 24. 62 17. ,93 62376 5256 
600 25. ,54 18. ,27 63521 3994 
1200 24. ,58 16, .66 67287 4800 
P.I. 70242 0 18. ,66 13. ,36 63503 4766 
150 20, ,70 13. ,43 69972 4858 
300 21. 23 13. ,68  70542 4838 
600 21. 33 13. 42 72142 5093 
1200 20. 74 13, 14 71751 5021 
P.I. 91150 0 17. 10 12. 50 62209 4402 
150 21. 26 13. 66 70664 4286 
300 22. 84 13. 61 76223 4690 
600 22. 28 13. 46 75154 5093 
1200 21. 76 13. 42 73505 4829 
Means 0 18. 11 14. 60 57021 4807 
150 21. 47 15. 70 62874 4746 
300 22. 67 15. 94 68588 5058 
600 23. 13 16. 08 66338 5142 
1200 22. 32 15. 55 66002 5204 
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Table 45. The linear and quadratic mean squares associated 
with the individual P by variety (PXV) interactions 
in the reduced analysis of variance on the seed 
yield data from the 1966 experiment conducted at 















P.I. 86102 16.401** 5.578 0.0110 0.0023 
P.I. 68600 59.158** 0.005 0.0209 0.0083 
Harosoy 35.721** 2.584 0.0163 0.0050 
Amsoy 31.510** 5.544 0.0153 0.0044 
P.I. 70242 9.907** 1.160 0.0086 0.0014 
P.I. 91150 45.100** 4.023 0.0183 0.0064 
Denotes significance at 1% probability level. 
from the linear coefficients for P.I. 70242 and P.I, 86102. 
Amsoy and Harosoy, standard commercial varieties, were not sta­
tistically different from the P.I. 68600 and P.I. 91150 varie­
ties, even though their linear coefficients were observed to be 
smaller. The standardized regression coefficients allowed 
direct comparison of the varieties and indicated that P.I. 
68600 and P.I, 91150 truly had the largest linear b values. 
Weight per seed and seed set, the components of seed 
yield, were both highly significantly different with regard to 
varieties. Harosoy, P.I. 86102, and Amsoy were the largest 
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seeded varieties, and P.I. 91150 and P.I. 70242 the smallest. 
Seed set was highest in P.I. 91150 and P.I. 70242 while P.I. 
86102 had the smallest nimber of seeds set. As shown in Table 
44 P fertilization increased seed weights and seed set by highly 
significant amounts. Note that P.I. 91150 and P.I. 68600 pro­
duced yield increases that were primarily due to seed set in­
creases, compared to Harosoy, which made yield increases 
primarily due to increased seed weight. In addition, the yield 
increases from the 150 to the 300 pp2m P level in all varieties 
except P.I. 91150 and P.I. 68600 were due to seed weight in­
creases. These two varieties were producing the additional 
increments of yields by seed set increases. The data lead to 
the conclusion that the mechanism of responses to P may be 
different for P.I. 91150 and P.I. 68600. These indications were 
also present in the data from the Carrington-Clyde experiment. 
Total dry matter was measured at stage 7 and the data are 
shown in Table 44. Differences due to varieties were highly 
significant. It was apparent that total dry matter accumulation 
at stage 7 was not an indication of the varieties seed yield. 
As an example, Amsoy, the highest seed yielding variety, was 
one of the lowest in dry matter accumulation at stage 7, 
Phosphorus treatments tended to increase dry matter yields, but 
the differences were not statistically significant. 
Nodule data collected at stage 7 are shown in Table 46, 
Varieties were highly significantly different in nodule numbers, 
but not in the weight of nodules per plant. P.I. 91150 had the 
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Table 46. Nodules per plant and nodule weight per plant at growth stage 7 
of six soybean varieties as influenced by five levels of applied 
P in the 1966 experiment conducted at the Clarion-Webster 
Experimental Farm at Kanawha, Iowa. 
Variety Nodules 
per plant 
at stage 7 
Nodule weight 
per plant at 
stage 7 
numbers/plant g-
P.I. 86102 0 103 0.47 
150 116 0.89 
300 236 1.31 
600 152 1.04 
1200 137 0.65 
P.I. 68600 0 208 0.72 
150 111 0.37 
300 251 1.11 
600 244 1.26 
1200 96 0.55 
Harosoy 0 186 0.57 
150 198 0.87 
300 225 0.88 
600 146 0.68 
1200 193 1.19 
Amsoy 0 118 0.56 
150 180 0.66 
300 228 0.96 
600 182 0.67 
1200 245 1.14 
P.I. 70242 0 143 0.62 
150 205 0,96 
300 190 0.84 
600 120 0.48 
1200 234 1.36 
P.I. 91150 0 69 0.32 
150 78 0.72 
300 80 0.75 
600 65 0.63 
1200 62 1.17 
Means 0 138 0.54 
150 148 0.75 
300 202 0.97 
600 152 0.79 
1200 161 1.01 
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smallest number of nodules per plant and the other varieties 
were about equal in nodule numbers. Phosphorus treatments were 
effective in increasing both nodule numbers and weight per 
plant in all varieties. An interaction of P by variety was 
evident in nodule numbers per plant, but was not related to the 
varietal seed yield response characteristics discussed previ­
ously. P.I. 68600 and P.I. 91150, as shown in Table 46, did 
not have the same pattern of nodulation changes due to P ferti­
lization even though they were both well stimulated in yield by 
the P. 
Table 47 contains the data on the percent N in the upper 
leaves of the soybean plants at four growth stages. The N 
content increased through stage 3 and then declined slightly to 
stage 5 with a substantial decrease coming between stages 5 and 
7, which was attributable to translocation to the pods and 
seeds. Varieties were significantly different at all growth 
stages samples. P.I. 70242 remained the highest in percent N 
until stage 7 when Amsoy was highest in N content. A maximum 
of 6.75% N was recorded with P.I. 70242 at the 150 pp2m P level 
in growth stage 3. The variety containing the lowest percent N 
was not the same at all growth stages. 
Phosphorus treatments had a pronounced effect upon the 
percent N at growth stages 3 and 7. At growth stage 2 a trend 
existed indicating an increased N content with P application, 
but at stage 3 a statistically significant decrease on percent 
N had occurred due to applied P. In stage 7 a highly 
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Table 47. Nitrogen content of the upper leaves at growth stages 2, 3, 5 
and 7, N content of the whole plant at stage 7, and the total N 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Variety N ' content at stages N content Total N 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%N %N %N %N - -  - 7=N lb. N/ac 
P.I. 86102 0 5.80 6.32 5.82 4.39 2.86 146.3 
150 5.75 6.34 5.61 4.40 2.79 149.0 
300 5.62 6.29 5.75 4.44 3.02 139.3 
600 5.88 6.22 5.80 4.52 2.91 151.2 
1200 5.74 6.23 5.63 4.63 3.08 153.0 
P.I. 68600 0 5.80 6.31 5.82 3.99 2.23 112.4 
150 5.89 6.24 5.75 4.19 2.47 106.6 
300 5.72 6.19 5.97 4.12 2.51 133.9 
600 5.76 6.17 5.73 4.23 2.54 148.6 
1200 5.69 6.18 5.85 4.04 2.49 148.8 
Harosoy 0 5.45 6.48 5.87 4.19 2.61 130.0 
150 5.76 6.27 5.95 4.23 2.69 137.2 
300 5.36 6.33 6.10 4.36 2.82 158.9 
600 5.71 6.31 6.01 4.58 2.81 158-7 
1200 5.81 6.28 5.96 4.71 2.94 163.6 
Amsoy 0 5.67 6.55 5.98 4.54 2.69 121.2 
150 5.70 6.54 6.02 4.48 2.85 128.0 
300 5.68 6.62 6.09 4.61 2.83 148.6 
600 5.68 6.35 6.19 4.62 2.89 115.2 
1200 5.75 6.41 6.20 4.68 2.97 142.5 
P.I. 70242 0 6.11 6.63 6.33 4.23 2.49 118.9 
150 6.33 6.75 6.09 4.46 2.60 126.8 
300 6.14 6.62 6.04 4.51 2.63 127.6 
600 6.09 6.64 6.05 4.51 2.65 135.6 
1200 6.13 6.63 6,15 4.62 2.76 138.3 
P.I. 91150 0 5.34 6.39 5.70 4.34 2.59 114.0 
150 5.66 6.33 6.03 4.39 2.80 120.0 
300 5.38 6.34 5.88 4.15 2.73 128.3 
600 5.25 6.14 5.81 4.24 2.72 138.4 
1200 5.20 6.34 5.99 4.40 2.75 132.4 
Means 0 5.69 6.45 5.92 4.28 2.58 123.8 
150 5.85 6.41 5.91 4.36 2.70 127.9 
300 5.65 6.40 5.97 4.36 2.76 139.4 
600 5.73 6.30 5.93 4.45 2.75 141.3 
1200 5.72 6.35 5.96 4.51 2.83 146.4 
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significant increase in percent N occurred when P was applied. 
No differential variety effects were detected. 
The N in the whole plants at stage 7 was statistically 
different with regard to variety. P.I. 86102 and Amsoy had the 
highest N contents while P.I. 68600 had the lowest N content. 
Phosphorus treatments were highly significant in increasing the 
N content. 
Total N uptake at a given P level was dependent upon va­
riety and the differences were significant at the 5% probability 
level. Harosoy and P.I. 86102 had the highest total N uptake, 
while P.I. 91150 and P.I, 70242 had the lowest N uptake values. 
Phosphorus fertilization increased the N uptake from 124 lbs. 
per acre to 146 lbs. per acre at the 1200 pp2m P level, 
amounting to an 18% increase. Varieties were found to behave 
similarly with applied P. It was concluded that differences in 
total N accumulation at stage 7 were not the direct cause for 
the differential seed yield increases due to P fertilization 
discussed in the beginning. Nitrogen accumulation was also not 
related to the nodulation characteristics of the varieties. 
Phosphorus contents of the upper leaves determined at 
growth stages 2, 3, 5 and 7 are shown in Table 48. Maximum P 
contents were recorded at stage 2 and a gradual decline occurred 
through stage 5 at which point the decrease became more rapid. 
By stage 7 the percent P had decreased to approximately one-
half the amount observed in stage 2, Varieties were signifi­
cantly different at the 5% probability level in growth stages 
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Table 48. Phosphorus content of the upper leaves at growth stages 2, 3, 5 
and 7, P content of the whole plant at stage 7, and the total P 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P on the 1966 experiment conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Variety P content at stages P content Total P 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%P %P %P %P %P- lb. P/ac 
P.I. 86102 0 .34 .36 .32 .18 .20 10.2 
150 .45 .44 .32 .23 .22 11.4 
300 .48 .45 .37 .27 .27 12.6 
600 .57 .48 .40 .29 .28 14.7 
1200 .73 .54 .42 .32 .39 19.3 
P.I. 68600 0 .36 .37 .36 .16 .16 8.3 
150 .48 .45 .39 .22 .20 8.3 
300 .48 .46 .46 .24 .25 13.6 
600 .61 .51 .42 .28 .28 16.4 
1200 .69 .58 .44 .30 .32 19.2 
Harosoy 0 .35 .38 .32 .19 .18 8.9 
150 .47 .43 .39 .24 .21 10.8 
300 .50 .45 .39 .26 .25 14.0 
600 .68 .53 .43 .31 .27 15.3 
1200 .87 .62 .54 .33 .35 19.4 
Amsoy 0 .37 .38 .31 .19 .19 8.4 
150 .47 .45 .37 .24 .23 10.4 
300 .50 .48 .39 .27 .26 13.6 
600 .68 .51 .44 .30 .32 12.8 
1200 .81 .61 .48 .32 .36 17.4 
P.I. 70242 0 .37 .40 .38 .17 .18 8.5 
150 .49 .48 .42 .24 .23 11.2 
300 .50 .49 .42 .27 .28 13.6 
600 .60 .50 .46 .29 .28 14.6 
1200 .72 .58 .52 .32 .34 17.3 
P.I. 9115.0 0 .32 .37 .31 .19 .19 8.4 
150 .46 .44 .41 .25 .24 10.5 
300 .51 .48 .38 .27 .27 12.6 
600 .58 .51 .40 .29 .30 15.4 
1200 .77 .64 .49 .34 .36 17.2 
Means 0 .35 .38 .33 .18 .18 8.8 
150 .47 .45 .38 .24 .22 10.4 
300 .50 .47 .40 .26 .26 13.3 
600 .62 .51 .42 .29 .29 14.9 
1200 .76 .60 .48 .32 .36 18.3 
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3 and 5. Prior to stage 3 or after stage 5 varieties did not 
differ with regard to average P contents. In stages 2 and 5 
P.I. 86102 possessed the lowest P content, and P.I. 70242 was 
equal to or higher in P content than all other varieties. 
Phosphorus treatments greatly increased the P content of 
the soybean leaves, A maximum of 0.87% P was attained with the 
Harosoy variety at the 1200 pp2m P level in growth stage 2, 
All varieties were near 0,50% P at stage 2 and the 300 pp2m P 
level. Leaf symptoms resembling reported Zn deficiency symptoms 
appeared in stages 2 and 3 on the lower leaves of the plants in 
the plots that received the 600 and 1200 pp2m P treatments. 
These symptoms were compared against those reported by Howell 
(1954) and deMooy (1965) in their high rate P experiments. The 
chlorotic leaves most nearly resembled the description given by 
ûeMooy (1965), but the plants were stunted by the 1200 pp2m P 
treatment contrary to the findings of deMooy, Phosphorus by 
variety interaction effects noted in stage 5 were due to P.I. 
86102 not increasing in percent P at the same rate as did the 
other varieties and also due to P.I. 91150 increasing in per­
cent P more rapidly from the 0 to 150 pp2m P levels than did 
the other varieties. These differences of varieties were not 
related to subsequent differences in seed yield response. For 
example, P,I. 68600 and P.I. 91150 which had the maximum yield 
increase due to P application, were not consistently different 
in changes in P content than the other varieties. 
Percent P in the whole plant at stage 7 was not measurably 
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different with regard to variety, but application of P es­
sentially doubled the plant content in all varieties as shown 
in Table 47. Total P uptake at stage 7 was not statistically 
different among varieties, but P application increased the 
uptake values from a control level of 9,0 lbs. per acre to 18 
lbs. per acre at the 1200 pp2m applied P level. Varieties re­
sponded equally in terms of their total P uptake at stage 7. 
Zinc and Mn analysis were made on the Amsoy, P.I. 68600 
and P.I. 91150 varieties at growth stages 2, 3, 5, and 7 to 
determine if the symptoms observed at stages 2 and 3 were as­
sociated with a micronutrient imbalance. The results are 
presented in Table 49. 
Phosphorus fertilization reduced the concentration of Zn 
in the three varieties at every growth stage samples. Maximum 
reductions occurred at the highest P application rate and were 
of approximately the same magnitude in each of the varieties 
sampled. By increasing the P fertilization rate from 0 to 1200 
pp2m P, the Zn concentration was depressed to one-half its 
original value, 
Viets et al. (1954) reported that 20 ppm Zn in most re­
cently matured leaves and petioles was a critical level. It is 
apparent from Table 48 that in growth stages 2 and 3 the highest 
level of applied P, 1200 pp2m, had depressed the Zn concen­
tration near or below 20 ppm Zn in all three varieties. Note 
that the highest rate of P also depressed seed yields as shown 
in Table 44. Symptoms resembling Zn deficiency were observed 
Table 49. Zinc and Mn contents of the upper leaves of the Amsoy, P.I. 68600 and P.I. 91150 varieties 
at growth stages 2, 3, 5 and 7 as influenced by five levels of applied P in the 1966 
experiment conducted at the Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Variety Zinc content of upper leaves Manganese content of upper leaves 
Stage 2 Stage 3 Stage 5 Stage 7 Stage 2 Stage 3 Stage 5 Stage 7 
ppm Zn ppm Zn ppm Zn ppm Zn ppm Mn ppm Mn ppm Mn ppm Mn 
P.I. 68600 0 42. 0 45. 0 48. 5 44. 2 72. 4 64. 4 59. 4 68. 7 
150 29. 8 34. 8 38. 0 34. 2 69. 0 64. 0 65. 8 68. 1 
300 23. 8 27. 1 32. 3 28. 7 68. 0 67. 2 63. 8 74. 3 
600 22. 3 24. A 30. 8 25. 1 74. 5 76. 9 69. 4 74. 3 
1200 20, ,6 23. 3 27. 7 24. 0 70, 8 70. 3 67. ,1 79. 8 
Amsoy 0 38. ,2 43. ,7 46. ,8 44. ,4 64, ,4 72. ,3 71. ,8 61. ,1 
150 27. ,6 29. ,7 36. ,8 31. ,5 66, ,8 75. ,4 77. ,4 68. ,6 
300 23. ,6 26. ,6 35. 3 26. ,9 62, ,6 81. , 6 76. .6 71. ,8 
600 21. .6 21. ,7 37. 2 24. ,0 61. ,3 74. ,4 69. ,2 70. ,6 
1200 19. ,4 19. ,7 25. ,6 20. ,8 69. ,4 80. ,4 79. ,0 72. ,6 
P.I. 91150 0 37. ,2 39. ,9 39. 4 39, ,4 68. ,2 61. ,6 54. ,5 65. ,3 
150 29, ,2 33. ,2 35. ,0 30, .4 64, ,0 63, ,2 62, ,0 76. 8 
300 25, .8 24, ,6 28, .6 26, .6 63, .4 61, .3 63, .3 80, .9 
600 23, .2 25, .6 27, .7 25, .8 58, .0 64, .4 63, .4 74, .6 
1200 20, .1 19, ,8 25, .0 24, .4 61, .0 67, .4 71, .6 91, .4 
Means 0 39 .1 42 .9 44, .9 42, .7 68 .3 66, .1 61, .9 65 .0 
150 28 .9 32 . 6 36 .6 32 .0 66 .6 67 .5 68 ,4 71, .2 
300 24 .4 26 .1 32 .0 27 .4 64 .7 70 .0 67 .9 75 .7 
600 22 .4 23 .9 31, .9 25 .0 64 . 6 71 .9 67 .3 73 .2 
1200 20 .0 20 .9 26 .1 23 .1 67 .1 72 .7 72 .5 81 .3 
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on all varieties at growth stages 2 and 3 on the 600 and 1200 
pp2m P treatments which corroborates the likelihood that a Zn 
deficiency did occur. Similar s3rmptoms were observed at the 
other experimental locations, but chemical analysis of the leaf 
tissues were not made. 
Manganese concentrations have been shown to be increased 
by P fertilization to a possible toxic level by other workers. 
However, the data in Table 49 indicate that the Mn concen­
trations never approached the toxic level which has been shown 
to be above 300 ppm by Fletcher and Kurtz (1964). 
It may be concluded on the basis of these data that the 
leaf symptoms observed in the 1966 experiments were not the 
same as those observed by deMooy (1965). Plants in these ex­
periments that expressed the symptom did not produce the maximum 
seed yields as was reported by deMooy (1965). Phosphorus tox­
icity, which is a possible misnomer, did not occur in these 
experiments as described in the current literature. 
The K concentrations of the upper leaves at growth stages 
2, 3, 5, and 7 are reported in Table 50. Potassium content 
decreased steadily from stage 2 through 7. Varieties were sig­
nificantly different at the four growth stages samples. P.I. 
91150 remained the highest in percent K throughout the season, 
and the variety with the lowest K content differed at each 
growth stage. Phosphorus treatments did not significantly 
affect the percent K at any growth stage except 7, when the 
first increments of P fertilizer depressed the percent K and 
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Table 50. Potassium content of the upper leaves at growth stages 2, 3, 5 
and 7, K content of the whole plant at stage 7, and the total K 
uptake at stage 7 of six soybean varieties as influenced by five 
levels of applied P in the 1966 experiment conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Variety K ' content at stages K content Total K 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%K %K %K %K %K lb. K/ac 
P.I. 86102 0 2.40 2.13 1.96 1.55 1.80 92.0 
150 2.56 2.12 1.91 1.59 1.93 103.5 
300 2.57 2.27 1.97 1.67 1.85 86.2 
600 2.31 2.15 1.85 1.57 1.79 92.8 
1200 2.56 2.27 1.89 1.80 2.03 100.9 
P.I. 68600 0 2.44 2.12 2.07 1.67 1.81 91.4 
150 2.51 2.32 2.08 1.53 1.91 81.8 
300 2.41 2.01 2.11 1.33 1.93 103.1 
600 2.55 2.19 2.03 1.45 2.13 122.9 
1200 2.47 2.09 1.91 1.40 1.75 103.5 
Harosoy 0 2.51 2.15 1.92 1.75 1.92 95.4 
150 2.51 2.13 1.85 1.39 2.03 103.6 
300 2.59 2.27 1.89 1.24 1.91 105.6 
600 2.55 2.12 1.88 1.47 2.00 112.4 
1200 2.57 2.08 1.93 1.48 2.04 113.5 
Amsoy 0 2.49 2.13 1.85 1.52 2.04 92.4 
150 2.53 2.08 1.88 1.44 2.00 89.5 
300 2.44 2.01 1.84 1.35 1.85 97.3 
600 2.45 2.01 1.84 1.48 2.03 80.7 
1200 2.60 2.08 1.91 1.49 2.05 98.5 
P.I. 70242 0 2.45 2.19 1.99 1.40 1.95 92.8 
150 2.49 2.15 2.08 1.45 1.85 89.8 
300 2.36 2.19 2.19 1.20 2.12 102.0 
600 2.47 2.17 2.11 1.21 1.84 93.7 
1200 2.36 2.20 2.00 1.13 1.96 98.3 
P.I. 91150 0 2.75 2.47 2.15 1.85 2.12 93.8 
150 2.77 2.41 2.20 1.80 2.09 89.7 
300 2.77 2.33 2.07 1.85 2.21 103.1 
600 2.72 2.32 2.03 1.64 2.01 102.5 
1200 2.40 2.35 2.07 1.55 2.07 99.6 
Means 0 2.51 2.20 1.99 1.62 1.94 93.0 
150 2.56 2.20 2.00 1.53 1.97 93.0 
300 2.52 2.18 2.01 1.44 1.98 99.5 
600 2.51 2.16 1.96 1.47 1.97 100.8 
1200 2.49 2.18 1.95 1.48 1.98 102.4 
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the highest P treatments began to increase it. However, the K 
content level of the control treatment remained the highest of 
all K values at all growth stages. A P by variety interaction 
was detected at stages 2 and 7. These interactions did not 
appear to be related to the differences in seed yield response 
of the varieties. 
Whole plant analysis data at stage 7, also shown in Table 
50 indicated that varieties were significantly different, but 
that P treatments were not influencing the percent K in this 
tissue. Total K uptake was increased by P application and the 
increases were statistically significant at the 10% probability 
level. The apparent increase in uptake was attributable to the 
stimulation of dry matter production that occurred with P 
application, 
Amsoy, P,I, 86102, P.I. 68600 and P.I. 91150 had the largest 
increase in protein content of the seeds at the Clarion-Webster 
location as shown in Table 51. Even though the soil was very 
low in available P, the first P increment increased the protein 
content in all of the varieties listed above except P.I. 86102. 
However, the second increment of applied P increased the prote­
in content in only the varieties that had the largest seed 
yield increase with the second increment of applied P, P.I. 
86102, P.I. 68600 and P.I. 70242, Response to the second 
increment of applied P was attributed to unknown benefits of P 
beyond the P nutrition requirement, one of which may be an in­
creased N supply allowing the plants to set more seeds. It was 
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Table 51. Protein and oil content of the seed and total protein production 
of the seed of six soybean varieties as influenced by five levels 
of applied P in the 1966 experiment conducted at the Clarion-
Webster Experimental Farm at Kanawha, Iowa. 
Variety Protein Total 
Protein 
Oil 
% lbs./acre % 
P.I. 86102 0 40.2 716 19.6 
150 40.1 848 19.7 
300 41.5 876 20.1 
600 42.0 951 20.3 
1200 41.5 937 21.9 
P.I. 68600 0 40.8 643 20.5 
150 41,9 790 20.0 
300 42.4 934 19.2 
600 42.2 944 19.1 
1200 42.5 901 19.7 
Harosoy 0 39.5 762 21.7 
150 39.9 913 21.6 
300 39.7 960 20.5 
600 39.1 962 20.7 
1200 39.1 901 21.7 
Amsoy 0 36.6 733 23.0 
150 37.6 902 22.8 
300 37.6 926 22.2 
600 37.9 968 22.1 
1200 37.7 932 22.5 
P.I. 70242 0 42.0 784 19.5 
150 41.1 851 18.6 
300 41.5 881 18.6 
600 41.1 877 18.5 
1200 40.9 848 19.2 
P.I. 91150 0 39.2 670 22.0 
150 40.2 855 20.3 
300 40.0 914 20.6 
600 39.1 871 20.8 
1200 39.4 857 20.8 
Means 0 39.7 719 21.0 
150 40.1 861 20.5 
300 40.4 916 20.2 
600 40.2 930 20.2 
1200 40.2 897 21.0 
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observed in the total protein production data at this location 
that P.I. 68600 and P.I, 91150 increased more than the other 
varieties with the second increment of applied P. Considering 
the first two increments of applied P, P.I. 68600 and P.I. 
91150 were certainly storing more N in the seeds than the others 
in the study. These data would support the hypothesis of an 
increased N supply due to P fertilization. The mechanism of P 
effects on the N nutrition were not discernible in this experi­
ment. 
Oil content, also shown in Table 51, appeared to be 
depressed by P fertilization in all varieties except P.I. 
86102, Oil production was increased by P fertilization in 
spite of oil content decrease because seed yields were increased 
by fertilization. 
Combined analysis of the 1966 experiments 
A combined analysis of the three experiments done in 1966 
will be examined for overall conclusions and to evaluate the 
effect of sites on the results obtained. The sites were highly 
significantly different in seed yield as is shown in Table 52, 
The Carrington-Clyde location yielded an average of 3,5 cwt. 
per acre more than the Agronomy Farm experiment, while the 
Clarion-Webster experiment was intermediate. Varieties were 
highly significantly different averaged over the three lo­
cations, However, a highly significant variety by site inter­
action was present; making interpretation of varietal 
differences difficult. It was observed that the varieties did 
145 
Table 52. Seed yield, weight per 100 seeds, seed set and dry matter 
accumulation at stage 7 as means of the three 1966 experimental 
locations for six soybean varieties as influenced by five levels 










cwt. / acre g./lOO seeds _2 xlO seeds/acre lbs/acre 
P.I. 86102 0 17 .27 16 .93 46479 4613 
150 19 .85 16 .98 53572 5133 
300 20 .24 17 .29 53636 4774 
600 20 .55 17 .54 53638 5222 
1200 20 .14 17 .29 53553 4992 
P.I. 68600 0 17 .06 14 .48 53962 4898 
150 19 .20 15 .15 57951 4510 
300 21 .20 15 .33 63267 4835 
600 21 .11 15, .50 62259 5325 
1200 20 .48 15, .60 60199 5178 
Harosoy 0 20, .63 18, .32 51576 4701 
150 22 .58 19, .34 53026 4499 
300 23 .18 19. 39 54576 5171 
600 24. 33 19, .69 56567 4891 
1200 23, .08 19, .60 53923 4666 
Amsoy 0 22, .53 18. 30 56101 4329 
150 24, .51 19. ,05 58634 4574 
300 25, .53 19. 30 60239 4786 
600 25. 75 19. ,45 60329 4443 
1200 24. ,38 18. ,18 61515 4787 
P.I. 70242 0 19. 42 15. ,08 58693 4021 
150 20, ,99 14. ,52 65525 4430 
300 21. ,82 14. ,35 68930 5011 
600 21. ,30 14. 78 65929 4824 
1200 21. 44 14. 31 68044 4674 
P.I. 91150 0 19. 42 14. 32 61587 4235 
150 21. 88 14. 60 67953 4666 
300 22. 74 14. 51 71337 4797 
600 23. 27 14. 62 72486 5154 
1200 22. 67 14. 59 70557 4984 
Means 0 19. 39 16. 24 54778 4464 
150 21. 50 16. 61 59443 4635 
300 22. 45 16. 70 61997 4896 
600 22. 72 16. 93 61868 4976 
1200 22. 03 16. 60 61300 4881 
146 
not rank in the same order with regard to seed yield at each 
site. Soil moisture differences, temperature differences and 
inherent soil fertility may account for the variation. 
Phosphorus treatments induced highly significant differ­
ences in seed yield, but the varieties were seemingly different 
in their responses to the P. A reduced analysis of the data on 
the 0, 150, and 300 pp2m P treatments indicated, as shown in 
Table 53, that P.I. 68600, and P.I. 91150 had significantly 
larger linear b values in their response curves than did P.I, 
70242 and P.I. 86102, However, none of the former varieties 
were better or poorer than Amsoy and Harosoy. A test of the P 
by variety by site interaction in the reduced analysis indicated 
a possibility that the interaction was present. Therefore, a 
breakdown of the response obtained with each of the initial two 
increments of applied P was examined as shown in Table 52, 
Yield increases for the first 150 pp2m P increment were more 
consistently alike for varieties within a site than were the 
yield increases attributed to the second 150 pp2m P increment. 
It would appear that varietal difference in response to applied 
P began to appear at the highest P levels. The magnitude of 
response difference for sites to the first applied P increment 
was no doubt related to the soil test P values observed at each 
site. The carrington-Clyde site was near medium in soil test P 
and the Clarion-Webster site was classified as very low. An 
insufficient range in soil test P values made it impractical to 
use soil test P as a covariate. The Agronomy Farm location 
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Table 53, The linear and quadratic mean squares associated 
with the individual P by variety (P x V) inter­
actions in the reduced analysis of variance on the 














P.I. 86102 39.724** 7.170 0.0099 0,0015 
P.I. 68600 77.211** 0.028 0.0138 0,0029 
Harosoy 29.338** 2.738 0,0085 0.0011 
Amsoy 40,440** 1.395 0.0100 0.0015 
P.I, 70242 25.992** 0.819 0.0080 0.0010 
P.I. 91150 47.077** 4.273 0.0108 0,0018 
**Denotes significance at the 1% probability level. 
tested low in available P and was nearest to the Carrington-
Clyde location in this respect. Magnitudes of the response to 
the second P increment were not as closely related to soil test 
P levels, and the relative response was also not highly related. 
From consideration of Table 53 it could be concluded that P.I, 
68600, P.I. 91150 and P.I. 70242 were more sensitive to high 
rate P fertilization than were Amsoy or Harosoy. It also seemed 
that P.I. 70242 did not exhibit a response to applied P until 
soil levels were near medium, which may explain why it responded 
to applied P in the 1965 study but not at the Clarion-Webster 
or the Agronomy Farm locations where low levels of soil P were 
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encountered. 
The weight per seed and the seed set data are shown in 
Table 52. Sites and varieties were significantly different in 
both seed weight and seed set. The Carrington-Clyde location 
with the largest average weight per seed had the smallest seed 
set. Harosoy and Amsoy had the largest seed weights over lo­
cations, while P.I. 91150 had the smallest weight per seed, 
P.I. 86102 set the fewest seeds, while P.I. 91150 had the 
largest seed set of all varieties. 
Phosphorus treatments significantly increased the seed 
weights and the seed set. Of the 16% increase in seed yield at 
the 600 pp2m P level, 3% was due to seed weight increases, and 
the remaining 13% was accounted for by increases in seed set. 
A closer examination of the data in Table 52 will reveal, how­
ever, that the varieties just named as being most capable of 
seed yield responses with the second increment of applied P, 
produced these increases primarily by seed set increases. P.I. 
68600, P.I. 91500, and P.I. 70242 increased in seed set by 
9.1%, 4.9%, and 5.2% respectively from the 150 to 300 pp2m P 
levels, which was essentially the entire amount of yield in­
crease obtained. Considering the 0-300 pp2m range in P appli­
cations, Amsoy and Harosoy produced approximately one-half of 
their increases by seed set and one-half by seed weight 
increases. 
Seed set has been shown to be highly related to the N 
supply of the plant by Lathwell and Evans (1951), The data 
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from the 1966 experiments indicated that P fertilization re­
sulted in additional seed set in the varieties capable of 
benefitting from a high rate of P fertilization. It is highly 
probable that a portion of the seed yield response to applied P 
in all varieties was due to an improvement of P nutrition par­
ticularly on the most deficient soils and with the initial 
increment of applied P at all locations. However, additional 
yield increases due to P obtained with P.I. 91150, P.I. 68600, 
and P.I. 70242, even on the soils testing higher in available P 
were best attributed to benefits of P fertilization beyond 
improvement of P nutrition per se of these varieties. The 
mechanism by which the P could have acted was possibly an im­
provement of the N nutrition as suggested by the increased seed 
set discussed above. 
By way of summary, it can be stated that if the conclusions 
drawn above are true then any soybean variety should respond to 
P fertilization on soils testing very low in available P, but 
on soils testing higher in available P, the benefits of P 
fertilization on P nutrition per se should be minimal. Only 
varieties capable of having their N nutrition altered by P 
fertilization would increase in yield on soils testing medium 
and above in P or respond to high applications of P fertilizer. 
Information to be presented at a later point on the P content 
of the plants would substantiate the conclusion that effect 
other than improvement of P nutrition was involved in the yield 
responses observed in P.I. 68600, P.I. 91150 and P.I. 70242 at 
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high levels of applied P. 
Total dry matter measurements at stage 7 were highest at 
the Clarion-Webster site as shown in Table 52, It is worthy of 
note that although this site was the highest yielder in dry 
matter at stage 7 it did not produce the highest seed yield 
average. The Agronomy Farm site and the Carrington-Clyde lo­
cation were about equal in this respect even though moisture 
stresses decreased the seed yield at the Agronomy Farm. At the 
Agronomy Farm location the moisture stresses came after stage 
7, and apparently the plants at the Agronomy Farm site were 
growing normally up until that time. 
Phosphorus treatments were highly significant in their 
effect on dry matter production at stage 7. Maximum dry matter 
yields occurred at the 600 pp2m P treatment and amounted to a 
11% increase over the check, compared to a 16% increase in seed 
yield at the 600 pp2m P level. It was not possible to measure 
varietal differences in response to P fertilization with regard 
to stage 7 dry matter yields. 
Number of nodules and weight of nodules per plant are 
reported in Table 54. The Clarion-Webster location had the 
highest number of nodules per plant, but was not highest in 
nodule weight per plant. Nodule weight per plant was highest 
at the Carrington-Clyde site, while the Agronomy Farm location 
had both the smallest number and weight of nodules per plant, 
P.I. 91150 was found to have a significantly lower number of 
nodules per plant than all other lines and varieties. However, 
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Table 54. Nodules per plant and the weight of nodules per plant at growth 
stage 7 as means of the three 1966 experimental locations for 
six soybean varieties as influenced by five levels of applied P. 
Variety Nodules 
per plant 
at stage 7 
Nodule weight 
per plant at 
stage 7 
numbers/plant g. 
P.I. 86102 0 103 0.60 
150 138 0.92 
300 157 0.94 
600 139 0,97 
1200 140 0.74 
P.I. 68600 0 119 0.50 
150 103 0.52 
300 152 0.88 
600 153 0.79 
1200 106 0.62 
Harosoy 0 144 0.60 
150 201 0.98 
300 150 0.79 
600 146 0.75 
1200 148 0.86 
Amsoy 0 106 0.48 
150 156 0.73 
300 143 0.65 
600 - 156 0.69 
1200 173 0.86 
P.I. 70242 0 114 0.70 
150 141 0.87 
300 123 0.74 
600 109 0.72 
1200 152 1.09 
P.I. 91150 0 83 0.55 
150 106 0.94 
300 92 0.92 
600 80 0.69 
1200 75 0.75 
Means 0 112 0.57 
150 141 0.83 
300 137 0.82 
600 131 0.77 
1200 132 0.82 
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in nodule weight all varieties were similar. Phosphorus ferti­
lization significantly affected both nodule numbers and weights 
per plant. A peak in nodule numbers per plant was reached at 
the 150 pp2m level and a slight reduction occurred in numbers 
at the 300 to the 600 and 1200 pp2m levels. Weight of nodules 
per plant increased from the check plot levels to an approxi­
mately constant level for all rates of applied P. The increase 
in nodule weight amounted to 40% over the check. 
An interaction of applied P with varieties was detected in 
the nodule numbers per plant, and resulted from the fact that 
P.I. 68600 reached a maximum in nodule numbers at the 300 pp2m 
P level rather than the 150 pp2m level as did the other varie­
ties, In addition, nodule numbers increased on Harosoy and 
Amsoy with the first increment of applied P at a faster rate 
than the other varieties. The P by variety interaction was not 
statistically measurable in weights of nodules per plant, but 
the same patterns as observed in nodule numbers were present. 
If all varieties responded to P in terms of increased 
nodulation and if P fertilization influenced the N nutrition 
through nodulation increases, why weren't Harosoy and Amsoy as 
responsive in seed yield as P.I, 70242, P,I. 68600 and P,I, 
91150? A similar situation was noted in the 1965 data and an 
explanation given that certain varieties have an ability to 
utilize the benefits of increased nodulation and others do not 
have that ability. Varieties, P treatments and sites interacted 
in the nodule number data, but not in the same manner as they 
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did in terms of seed yield. No evidence could be found to re­
late the nodulatioh characteristics to the seed yield response 
of the varieties. 
Nitrogen contents of the upper leaf tissue at growth 
stages 2, 3, 5 and 7 averaged over all sites are presented in 
Table 55. Nitrogen content increased from approximately 5.4% N 
to 6.2% N from stage 2 to 3. From stage 3 to 5 it declined 
from 6.2% N to 5.8% N. From stages 5 to 7, when translocation 
of the stored N to the forming seeds was occurring, N content 
declined from 5,8% N to 4.6% N in the upper leaves. 
Site to site variation was statistically significant at 
all growth stages sampled, and no one site was consistently 
highest or lowest in percent N in the growth stages sampled. 
Early in the growing season, stages 2 and 3, plants at the 
Clarion-Webster location were highest in percent leaf N, but in 
stages 5 and 7 the plants at the Carrington-Clyde location were 
highest in percent N in the upper leaves, Carrington-Clyde had 
been the lowest in percent N in the early growth stages. Varie­
ties were highly significantly different in percent N at the 
four growth stages sampled. In growth stages 2 and 3 P.I. 
70242 was highest in N content and in stages 5 and 7 Amsoy was 
highest. No one variety was lowest in percent N in all growth 
stages, but P.I. 86102 and P.I, 68600 consistently ranked near 
the bottom of the list. Phosphorus treatments did not measur­
ably influence the percent N in the upper leaves at growth 
stages 2, 3, and 5 but significantly increased the percent N at 
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Table 55. Nitrogen content of the upper leaves at growth stages 2, 3, 5 
and 7, N content of the whole plant at stage 7 and the total N 
uptake at stage 7 as means of the three 1966 experimental 
locations for six soybean varieties as influenced by five levels 
of applied P. 
Variety N ( content at stages N content Total N 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%N %N %N %N %N lb. N/ac 
P.I. 86102 0 5.61 6.12 5.62 4.52 3.09 141.7 
150 5.32 6.14 5.53 4.48 3.06 156.6 
300 5.32 6.13 5.58 4.62 3.04 144.8 
600 5.57 6.15 5.71 4.62 2.98 155.9 
1200 5.47 6.09 5.55 4.68 3.04 151.5 
P.I. 68600 0 5.50 6.09 5.65 4.26 2.56 124.9 
150 5.45 6.08 5.65 4.28 2.61 116.6 
' 300 5.34 6.09 5.31 4.37 2.66 128.6 
600 5.44 5.95 5.60 4.34 2.72 145.1 
1200 5.32 6.11 5.58 4.42 2.67 137.3 
Harosoy 0 5.32 6.21 5.80 4.55 2.87 133.4 
150 5.25 6.16 5.86 4.49 2.91 130.2 
300 5.30 6.29 5.86 4.61 2.99 153.5 
600 5.42 6.15 5.78 4.67 2.86 138.9 
1200 5.28 6.15 5.77 4.79 2.91 135.9 
Amsoy 0 5.54 6.25 5.87 4.78 2.88 124.1 
150 5.38 6.30 5.98 4.78 2.92 132.6 
300 5.22 6.24 5.99 4.90 2.96 141.5 
600 5.40 6.20 6.06 4.86 2.93 131.1 
1200 5.42 6.25 5.88 4.82 2.99 142.4 
P.I. 70242 0 5.69 6.33 6.12 4.60 2.80 111.2 
150 5.80 6.45 5.88 4.78 2.91 128.7 
300 5.73 6.41 5.89 4.78 2.83 140.5 
600 5.71 6.41 5.90 4.80 2.82 135.6 
1200 5.79 6.45 5.86 4.81 2.91 135.4 
P.I. 91150 0 5.25 6.15 5.67 4.65 2.96 125.4 
150 5.41 6.09 5.82 4.65 2.86 133.1 
300 5.38 6.18 5.75 4.57 2.83 136.2 
600 5.21 6.06 5.69 4.68 2.91 149.4 
1200 5.36 6.20 5.83 4.64 2.99 149.7 
Means 0 5.49 6.19 5.79 4.56 2.86 126.8 
150 5.44 6.20 5.79 4.58 2.88 133.0 
300 5.38 6.22 5.80 4.64 2.88 140.9 
600 5.46 6.15 5.79 4.66 2.87 142.7 
1200 5.44 6.21 5.74 4.69 2.92 142.0 
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Tablr 55. Nitrogen content of the upper leaves at growth stages 2, 3, 5 
and 7, N content of the whole plant at stage 7 and the total N 
uptake at stage 7 as means of the three 1966 experimental 
locations for six soybean varieties as influenced by five levels 
of applied P. 
Variety N , content at stages N content Total N 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%N %N %N %N %N lb. N/ac 
P.I. 86102 0 5.61 6.12 5.62 4.52 3.09 141.7 
150 5.32 6.14 5.53 4.48 3.06 156.6 
300 5.32 6.13 5.58 4.62 3.04 144.8 
600 5.57 6.15 5.71 4.62 2.98 155.9 
1200 5.47 6.09 5.55 4.68 3.04 151.5 
P.I. 68600 0 5.50 6.09 5.65 4.26 2.56 124.9 
150 5.45 6.08 5.65 4.28 2.61 116.6 
300 5.34 6.09 5.31 4.37 2.66 128.6 
600 5.44 5.95 5.60 4.34 2.72 145.1 
1200 5.32 6.11 5.58 4.42 2.67 137.3 
Harosoy 0 5.32 6.21 5.80 4.55 2.87 133.4 
150 5.25 6.16 5.86 4.49 2.91 130.2 
300 5.30 6.29 5.86 4.61 2.99 153.5 
600 5.42 6.15 5.78 4.67 2.86 138.9 
1200 5.28 6.15 5.77 4.79 2.91 135.9 
Amsoy 0 5.54 6.25 5.87 4.78 2.88 124.1 
150 5.38 6.30 5.98 4.78 2.92 132.6 
300 5.22 6.24 5.99 4.90 2.96 141.5 
600 5.40 6.20 6.06 4.86 2.93 131.1 
1200 5.42 6.25 5.88 4.82 2.99 142.4 
P.I. 70242 0 5.69 6.33 6.12 4.60 2.80 111.2 
150 5.80 6.45 5.88 4.78 2.91 128.7 
300 5.73 6.41 5.89 4.78 2.83 140.5 
600 5.71 6.41 5.90 4.80 2.82 135.6 
1200 5.79 6.45 5.86 4.81 2.91 135.4 
P.I. 91150 0 5.25 6.15 5.67 4.65 2.96 125.4 
150 5.41 6.09 5.82 4.65 2.86 133.1 
300 5.38 6.18 5.75 4.57 2.83 136.2 
600 5.21 6.06 5.69 4.68 2.91 149.4 
1200 5.36 6.20 5.83 4.64 2.99 149.7 
Means 0 5.49 6.19 5.79 4.56 2.86 126.8 
150 5.44 6.20 5.79 4.58 2.88 133.0 
300 5.38 6.22 5.80 4.64 2.88 140.9 
600 5.46 6.15 5.79 4.66 2.87 142.7 
1200 5.44 6.21 5.74 4.69 2.92 142.0 
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stage 7 from 4.56% N in the check to 4.69% N at the 1200 pp2m P 
level. The increase in percent N at stage 7 did not occur at 
the Carrington-Clyde location. A significant P by variety 
interaction was found in the combined data for stage 5 and was 
partially a result of the strong P by variety interaction 
present in stage 5 at the Carrington-Clyde location. 
Nitrogen content of the whole plant at stage 7 was highest 
at the Carrington-Clyde site and essentially equal at the other 
two locations, P.I. 86102 had the highest N content at 3.04% 
and P.I. 68600 the lowest at 2.65% N. Phosphorus treatments 
did not affect the percent N in the whole plants in the combined 
analysis, but the site by P interaction reflected the positive 
effect of P on N content at the Clarion-Webster location. 
Total N uptake was largest at the Carrington-Clyde location, 
and least at the Agronomy Farm experimental locations. Of the 
varieties studied, P.I. 86102 had the highest N uptake value 
and P.I. 70252 and P.I. 68600 the lowest. Phosphorus treatments 
had a highly significant influence on total N uptake* An in­
crease of 12.5% in N uptake over the control was found at the 
600 pp2m P level, and no P by variety interaction was detected. 
Phosphorus content of the upper leaves remained essentially 
constant at the 0 P level from stage 2 through 5, However, the 
effectiveness of the P treatments decreased during the same time 
interval. For example, the P content of the 1200 pp2m P 
treatment decreased from 0,59% P in stage 2 to 0.43% P in stage 
5. By stage 7 translocation of the stored P to the seeds had 
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begun and the percent P decreased even more. 
Leaves from plants at the Clarion-Webster location were 
highest in P content at stages 2, 3, and 5, but at stages 5 and 
7 the differences between sites were smaller than earlier in 
the season. At the Agronomy Farm, leaf P content was lowest of 
the three sites at all stages of growth sampled. No one variety 
was consistently highest in P content at all growth stages. 
However, P.I. 86102 was lowest in P content at all growth stages 
sampled, except 7 where P.I. 68600 was lowest in P content. 
Phosphorus treatments caused highly significant increases 
in P content of the upper leaves. The maximum P content aver­
aged over sites was reached at stages 2 with 1200 pp2m P 
treatment on the Harosoy variety, 0.66% P. The values shown in 
Table 56 are in excess of the maximum values quoted by Ohlrogge 
(1960) for field grown beans. It is of interest that even though 
the check P levels were in the optimum range seed yield re­
sponses continued to be obtained with added P fertilizer. 
Either the optimum levels reported in the literature are in 
error or P fertilization is beneficial to the plant in a ca­
pacity beyond P nutrition per se. 
It is true that at the Clarion-Webster location P levels 
in the deficiency range did occur, but additional seed yield 
responses continued to be obtained when a supposedly sufficient 
P level had been reached in the plant leaves. The possibility 
exists that an increase in N supply was obtained through the 
effects of fertilizer P on the N-fixation mechanism, resulting 
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Table 56. Phosphorus content of the upper leaves at growth stages 2, 3, 5 
and 7, P content of the whole plant at stage 7 and the total P 
uptake at stage 7 as means of the three 1965 experimental 
locations for six soybean varieties as influenced by five levels 
of applied P. 
Variety P content at stages P content Total P 
of whole plant uptake at 








2 3 5 7 
7oP 7oP %P %P 
0 .34 .37 .34 .24 
150 .37 .40 .35 .26 
300 .40 .42 .37 .29 
600 .46 .43 .39 .30 
1200 .53 .47 .40 .31 
0 .35 .37 .36 .21 
150 .40 .42 .38 .24 
300 .41 .42 .40 .26 
600 .48 .44 .39 .28 
1200 .53 .49 .40 .31 
0 .35 .39 .35 .24 
150 .40 .41 .38 .26 
300 .43 .43 .38 .28 
600 .53 .46 .40 .31 
1200 .66 .51 .45 .34 
0 .36 .39 .36 .25 
150 .40 .42 .39 .28 
300 .42 .43 .39 .29 
600 .51 .46 .42 .32 
1200 .63 .52 .44 .34 
0 .37 .41 .39 .23 
150 .42 .45 .40 .26 
300 .44 .44 .40 .28 
600 .49 .46 .42 .30 
1200 .57 .51 .44 .33 
0 .33 .39 .34 .25 
150 .41 .43 .39 .27 
300 .45 .43 .37 .28 
600 .50 .44 .38 .30 
1200 .63 .53 .42 .33 
0 .35 .39 .36 .24 
150 .40 .42 .38 .26 
300 .42 .43 .39 .28 
600 .49 .45 .40 .30 
1200 .59 .51 .43 .33 





































in yield increases, in addition to yield increases due to 
improved P nutrition. 
Varieties were differentially responsive to P in terms of 
P content changes in growth stages 2, 5 and 7. The interaction 
effects were not consistently different for the most responsive 
varieties compared to those varieties which did not increase in 
seed yield with applied P. 
Phosphorus content of the whole plants at stage 7 varied 
with sites and also with varieties. The Garrington-Clyde site 
had the highest average plant P content and the Agronomy Farm 
site the lowest. Recall that a drought condition was developing 
at the latter location by growth stage 7 perhaps making the 
applied P positionally unavailable. Variety P.I, 68600 was 
lowest in P content of the whole plants, while the other varie­
ties were essentially equal. Phosphorus content was signifi­
cantly increased by P fertilization. 
Total P uptake was greatest at the Carrington-Clyde site 
and least at the Agronomy Farm site, which was probably related 
to the soil moisture conditions at these sites. Plants at the 
Clarion-Webster site were intermediate in both percent P 
content and uptake at stage 7, which could be attributed to its 
low soil P status coupled with moisture supply differences. 
Phosphorus treatments increased average total P uptake from 9,8 
lbs, per acre at the check level to 15,5 lbs, per acre at the 
1200 pp2m P level. Differential varietal responses were not 
observed. 
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The K content measured at four growth stages is shown in 
Table 57, A gradual decline in percent K occurred with seasonal 
advance. The Garrington-Glyde site produced plants with the 
highest percent K at all growth stages sampled, and plants at 
the Agronomy Farm and Clarion-Webster sites were essentially 
equal in percent K throughout the growing season. Variety P,I. 
91150 remained highest in percent K from stages 2 through 7, 
while Amsoy was the lowest in percent K during every sampling 
period. Phosphorus treatments decreased the percent K at growth 
stages 2, 3, and 5 but at stage 7 no P effects were measured. 
The P by variety interaction noted in growth stages 2 and 3 did 
not relate to the differential seed yield response character­
istics of the varieties studied. Whole plant analysis at stage 
7, the results of which, are shown in Table 57, indicated that 
neither varieties nor P treatments affected the percent K. 
Phosphorus treatments decreased the percent K at growth stages 
2, 3, 5 but at stage 7 no P effects were measured. The P by 
variety interaction noted in growth stages 2 and 3 did not re­
late to the differential seed yield response characteristics of 
the varieties studied. 
Total K uptake at stage 7 is also reported in Table 57. 
There was a significant site effect and the Carrington-Clyde 
site was highest in total K uptake by the soybean plants. 
Phosphorus treatments induced an increase in K uptake that 
peaked at the 600 pp2m P level and declined when the 1200 pp2m 
P treatment was applied. 
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Table 57. Potassium content of the upper leaves at growth stages 2, 3, 5 
and 7, K content of the whole plant at stage 7 and the total K 
uptake at stage 7 as means of the three 1966 experimental 
locations for six soybean varieties as influenced by five levels 
of applied P. 
Variety K ' content at stages K content Total K 
of whole plant uptake at 
2 3 5 7 at stage 7 stage 7 
%K %K %K 7oK %K lb. K/ac 
P.I. 86102 0 2.66 2.29 2.14 1.64 1.95 88.3 
150 2.67 2.22 2.12 1.64 1.98 101.4 
300 2.68 2.40 2.10 1.71 2.08 98.7 
600 2.55 2.26 2.08 1.69 1.96 102.7 
1200 2.64 2.27 2.10 1.68 2.05 102.7 
P.I. 68600 0 2.64 2.23 2.21 1.65 1.97 95.4 
150 2.57 2.24 2.12 1.64 2.01 88.7 
300 2.55 2.14 2.16 1.53 2.00 97.2 
600 2.62 2.14 2.08 1.54 2.05 109.5 
1200 2.58 2.22 2.11 1.60 1.95 99.3 
Harosoy 0 2.70 2.29 2.13 1.69 2.16 99.6 
150 2.72 2.24 2.05 1.52 2.08 93.9 
300 2.65 2.24 2.11 1.56 2.04 103.7 
600 2.71 2.20 2.04 1.61 2.12 103.8 
1200 2.70 2.14 2.09 1.59 2.18 100.6 
Amsoy 0 2.61 2.12 1.97 1.62 2.09 89.7 
150 2.57 2.05 1.99 1.56 2.00 90.0 
300 2.63 2.10 1.99 1.61 1.93 92.7 
600 2.53 2.10 1.95 1.61 2.04 92.0 
1200 2.63 2.09 1.98 1.62 2.03 97.1 
P.I. 70242 0 2.65 2.28 2.12 1.51 2.17 84.7 
150 2.76 2.16 2.12 1.56 1.92 85.5 
300 2.60 2.22 2.23 1.46 2.07 100.3 
600 2.63 2.18 2.17 1.46 1.95 95.0 
1200 2.51 2.26 2.13 1.49 1.96 90.6 
P.I. 91150 0 2.89 2.50 2.25 1.86 2.28 95.6 
150 2.88 2.44 2.20 1.76 2.20 102.2 
300 2.87 2.35 2.16 1.80 2.32 111.7 
600 2.79 2.33 2.11 1.72 2.05 106.5 
1200 2.67 2.31 2.15 1.69 2.11 104.9 
Means 0 2.69 2.29 2.14 1.66 2.10 92.2 
150 2.69 2.22 2.10 1.61 2.03 93.6 
300 2.66 2.24 2.12 1.61 2.07 100.7 
600 2.64 2.20 2.07 1.61 2.03 101.6 
1200 2.62 2.21 2.09 1.61 2.05 99.2 
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SUMMARY AND CONCLUSIONS 
It has been shown that varieties of a given plant species 
do not respond similarly to applied fertilizer. deMooy (1965) 
determined that certain plant introduction lines were more 
capable of responding to P fertilization than other introductive 
lines. However, it had not been established that these plant 
introduction lines were superior to present day commercial 
varieties. 
The primary objectives of this study were: 1. To find 
soybean varieties that are more responsive in seed yield to P 
fertilization than present commercial varieties and 2. To in­
vestigate the chemical composition and nodulation properties of 
these "responsive" varieties. All experiments were done during 
1965 and 1966 at experimental farms operated by Iowa State 
University. 
At the outset 21 plant introduction lines were obtained 
from the United States Regional Soybean Laboratory at Urbana, 
Illinois. These varieties had been chosen on the basis of 
earlier work done by deMooy (1962). They were grown at two 
levels of P fertilization, 0 and 500 lbs, P broadcast per acre. 
Seed yield response to the applied P ranged from -1,0 to +4.5 
cwt. per acre. However, the N, P and K content of the leaf 
samples did not lead to a characterization of varieties that 
distinguished the maximum responders from the varieties which 
were less responsive. Four soybean lines, P.I. 68600, P.I. 
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70242, P.I, 86102 and P.I. 91150 were chosen for further study 
in 1966 on the basis of their yield response to applied P in 
this experiment, 
A method of zone placement of P fertilizer was used in an 
attempt to simulate high rates of broadcast P in a 1965 experi­
ment. The soybeans were planted directly in a fertilized zone 
that was 6 inches deep and 6 inches wide. Three concentrations 
of applied P 0, 300 and 600 pp2m P were used in the zone. The 
varieties used in this experiment were the three plant intro­
duction lines used by deMooy (1965) in his 1963 pot study, plus 
three commercial varieties as biological standards. The two 
varieties shown to be most responsive to P in deMooy's experi­
ment, P,I. 200479 and P,I. 88805-2, were found to be most 
responsive in the 1965 field experiment with the zoned P 
placement. Inoculation treatments were used in an attempt to 
determine the mechanism by which P fertilization stimulated 
nodulation increases. It was concluded that P did not induce 
nodulation increases by stimulating rhizobial population in­
creases or by increasing the host susceptibility to the 
Rhizobia. 
It was observed in the 1965 studies that several plant 
introduction lines appeared to be more capable of seed yield 
increases than others when fertilized with P, and that zone 
placed P fertilizer appeared to be effective. Thus in the 1966 
experiments more information was desired on each of these 
points. Investigation of the mechanism by which P applications 
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induced increases in nodulation was terminated, because it 
appeared impractical to attempt to study differences in re­
sponses of varieties to P and nodulation mechanisms in the same 
study and obtain specific information on both objectives. 
Therefore the inoculation treatments were eliminated in 1966. 
As a result the problem was narrowed to obtain more specific 
information on fewer objectives. Even though the mechanisms of 
nodulation responses were not studied in 1966, the data did 
point to the fact that the N nutrition of the soybeans was 
affected by P fertilization. The same method of fertilizer 
placement was used in the 1966 experiments as was used in 1965. 
Seed yield response to P fertilization was measured in all 
varieties at all sites» However, interactions of sites by P by 
variety were observed, indicating that soil test P levels were 
of importance. At the Clarion-Webster site, which had a very 
low available P status, every variety experienced substantial 
yield increases with the first applied increment of P, while at 
the Carrington-Clyde location, which had a medium soil test P 
level, only P.I. 68600, P.I, 70242, and P.I. 91150 were strongly 
affected by P fertilization. Investigation of the yield re­
sponse at the Carrington-Clyde site to the second increment of 
P showed that these same varieties continued to produce yield 
increases. It was concluded that two types of response to P 
fertilization were occurring: 1, An improvement of the P 
nutrition of the plants, 2, A beneficial effect beyond P nu­
tritional improvements per se. The latter of the two may 
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involve benefits in terms of N supply improvements» 
Data on the effects of P on the weight per seed and on 
seed set pointed out a difference in the manner by which the 
increased seed yields were obtained. At the extremely P de­
ficient Clarion-Webster site the initial increments of P ferti­
lizer brought about essentially equal increases in seed set and 
seed weight in all varieties. However, the second increment of 
P application produced further yield increases in P.I, 68600 
and P.I. 91150 that were nearly all accounted for by added seed 
set. Seed yield of Amsoy also increased, but the increase was 
primarily due to seed weight increases. At the Carrington-
Clyde site these two lines plus P.I, 70242 produced yield in­
creases with P fertilization that were essentially all due to 
seed set increases. It was concluded that the seed weight 
increases noted at Clarion-Webster on the very P deficient soil 
were of the P nutrition type. While the additional yield in­
creases to higher rates of P and those yield increases obtained 
on the soil testing medium in P were the second type of response 
to P, Admittedly, both types of response may occur simultane­
ously on soils testing low in P, but at the higher P rates and 
on soils testing higher in available P the beneficial effects 
beyond P nutrition improvement probably dominate. 
The beneficial effect of P fertilization beyond nutritional 
needs for P may be associated with the effect of P fertilizer 
on the N-fixation mechanism of a given variety as proposed by 
deMooy and Pesek (1965). However, this study did not indicate 
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that the effect of P fertilization on the N-fixation mechanism 
was associated only with nodulation increases. All varieties 
in the experiments experienced nodulation increases with P 
fertilization in about equal proportion and independent of 
their seed yield response to the fertilizer. Perhaps the "re­
sponsive" varieties have biochemical mechanisms which allow 
them to benefit from increased nodulation. 
The hypothesis that the added benefits of P fertilization 
are due to an improvement of N supply is supported by the fact 
that the seed yield increases came by way of seed set increases, 
Lathwell and Evans (1951) found that the seed set of soybeans 
was highly related to the N regime in the plant. Nitrogen 
analyses of the upper leaves at growth stages 2, 3, 5 and 7, 
however, did not lend support nor did they provide evidence for 
rejecting the N supply hypothesis. Total N accumulation data 
at stage 7 did not indicate that there were differences due to 
P fertilization that would account for ultimate seed yield in­
crease differences. For example, Amsoy and Harosoy at the 
Garrington-Glyde location were found to have increased N ac­
cumulations due to P fertilization comparable to those in P.I, 
68600 or P.I. 70242, However, seed yield of Amsoy and Harosoy 
did not increase as might have been expected. Thus it would 
not appear that the increase in total N supply was the only key 
to the differences in seed yield response among varieties. 
Haghari (1966) has shown that P fertilization alters the rela­
tive amounts of certain amino acids in soybean plant tissue. 
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If the amino acid constituents of varieties were affected 
differently by the P fertilization an explanation for the fact 
that total N supply did not relate to seed yield response would 
be possible. 
Phosphorus analyses of the leaf tissue indicated that the 
probability of a yield response as a result of the improvement 
of the P nutrition was not likely since the control plots at 
most stages of growth at all locations were in the sufficiency 
range reported by Ohlrogge (1960). However, in stage 7 at the 
Clarion-Webster location a definite P deficiency condition was 
present in the check plots and at the 150 pp2m P treatment 
level. Response to P fertilizer at this site with the initial 
increment of applied P came as a result of increases of about 
one-half seed set and one-half weight per seed. Yield increases 
above the point where P content of the plant was sufficient 
came by way of seed set increases. These data would support 
the concept of two types of response to applied P. 
Zinc and Mn analysis of upper leaves at the Clarion-Webster 
location indicated that Zn deficiency may have been a limiting 
factor at the highest applied P level. According to the criti­
cal level defined by Viets (1954) the symptoms observed on the 
plants with high P treatments were probably due to Zn deficiency. 
Comparable symptoms were observed at Carrington-Clyde and the 
Agronomy Farm locations but no chemical analyses made. As a 
result perhaps the full potential of the most "responsive" 
varieties was not realized at any location. 
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Potassium concentrations were not related to differences 
in seed yield response at any location. 
Protein analysis of the seed indicated that P fertilization 
increased the protein content of the most responsive varieties, 
P.I. 68600 and P.I. 91150. Total protein production was also 
increased by fertilization. These data would support the hy­
pothesis of an altered N supply in the responsive varieties due 
to P fertilization. Not only did P.I. 68600 and P.I. 91150 
respond to P fertilization by setting more seeds in producing 
yield increases, but also stored more N in their seeds. 
Future experiments would seem in order to determine if 
differences in amino acid constituents of varieties would 
account for seed yield response differences, A suitable means 
of identifying a potentially "responsive" variety without a P 
treatment yield trial could be extremely valuable. Such data 
are of immediate importance if the soybean breeder wishes to 
incorporate the "response" character of these lines into a 
breeding program. Consideration of the labor involved and the 
number of possible crosses which are required supports the need 
of suitable chemical identification. Data presented from these 
experiments did not provide chemical characterization infor­
mation that could be used by the soybean breeder. 
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Table A,1 Analysis of variance for the seed yield in the 1965 
Variety Study conducted at the Agronomy Farm at Ames, 
Iowa, 
Source d.f. Mean square F 
Blocks 1 10,8896 99.1++ 
Phosphorus 1 36,7230 317,8* 
Error (a) 1 ,1156 
Varieties 24 11,4745 6,63** 
P X V 24 2.2598 1,30+ 
Error (b) 48 1.7319 
**Denotes significance at the 1% probability level for this 
and all following tables, 
D^enotes significance at the 5% probability level for 
this and all following tables, 
++Denotes significance at the 10% probability level for 
this and all following tables. 
D^enotes significance at the 25% probability level for 
this and all following tables. 
Table A.2 Analysis of variance for the weight per 100 seeds in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa, 
























Table A.3 Analysis of variance for the seed set in the 1965 
Variety Study conducted at the Agronomy Farm at Ames, 
Iowa. 
Source d.f. Mean square 
Blocks 1 82270543.99 
Phosphorus 1 128673487.99 
Error (a) 1 1639949.99 
Varieties 24 325127167.99 
P X V 24 19092463.99 





Table A.4 Analysis of variance for the total dry matter at 
stage 7 in the 1965 Variety Study conducted at the 
Agronomy Farm at Ames, Iowa. 
























Table A,5 Analysis of variance for the percent N at stage 3 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 1 .0094 <1 
Phosphorus 1 .9428 1.12 
Error (a) 1 .8445 
Varieties 24 .3277 6.80** 
P X V 24 .0264 <1 
Error (b) 48 .0482 
Table A,6 Analysis of variance for the percent N at stage 5 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa, 
Source d.f. Mean square 
Blocks 1 
Phosphorus 1 
Error (a) 1 
Varieties 24 
P X V 24 








Table A,7 Analysis of variance for the percent N at stage 7 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 1 .2852 25.4+ 
Pho sphorus 1 .2323 20.9+ 
Error (a) 1 .0112 
Varieties 24 .3106 20.81** 
P X V 24 .0160 1.07 
Error (b) 48 .0149 
Table A,8 Analysis of variance for the percent P at stage 3 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa, 
























Table A.9 Analysis of variance for the percent P at stage 5 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 1 .0071 <1 
Phosphorus 1 .2098 7.79+ 
Error (a) 1 .0269 
Varieties 24 .0058 2.17* 
P X V 24 .0050 1.85++ 
Error (b) 48 .0027 
Table A.10 Analysis of variance for the percent P at stage 7 in 
the 1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa. 
























Table A,11 Analysis of variance for the percent K at stage 3 
in the 1965 Variety Study conducted at the Agronomy 
Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 1 .0538 1.59 
Phosphorus 1 .3047 9.03+ 
Error (a) 1 .0339 
Varieties 24 .1098 6.28** 
P X V 24 .0183 1.06 
Error (b) 48 .0172 
Table A.12 Analysis of variance for the percent K at stage 5 
in the 1965 Variety Study conducted at the Agronomy 
Farm at Ames, Iowa, 
Source d.f. Mean square 
Blocks 1 
Phosphorus 1 
Error (a) 1 
Varieties 24 
P X V 24 








Table A.13 Analysis of variance for the percent K at stage 7 
in the 1965 Variety Study conducted at the Agronomy 
Farm at Ames, Iowa 
Source d.f. Mean square 
Blocks 1 .2777 26.10+ 
Pho sphorus 1 .0660 6.2+ 
Error (a) 1 .0106 
Varieties 24 .2204 24.04** 
P X V 24 .0181 1.97* 
Error (b) 48 .0092 
Table A.14 Analysis of variance for the maturity date in the 
1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa. 
Source d.f. Mean square 
Blocks 1 
Phosphorus 1 
Error (a) 1 
Varieties 24 
P X V 24 








Table A.15 Analysis of variance for the lodging score in the 
1965 Variety Study conducted at the Agronomy Farm 
at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 1 .0400 1.00 
Phosphorus 1 1.0000 25.0+ 
Error (a) 1 .0400 
Varieties 24 3.0683 13.49** 
P X V 24 .1667 <1 
Error (b) 48 .2275 
Table A.16 Analysis of variance for the seed yield in the 1965 
zone placed P study conducted at the Agronomy Farm 
at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 5.2294 3.90++ 
Phosphorus (P) 2 6.1256 4.60++ 
Error (a) 4 1.3356 
Inoculation (I) 1 0.8181 <1 
P X I 2 1.4123 41 
Error (b) 6 2.2037 
Varieties (V) 5 40.9035 24.63** 
P X V 10 1.7498 1.05 
I X V 5 1.3355 <1 
P X I X V 10 0.8793 <1 
Error (c) 60 1.6605 
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Table A,17 Analysis of variance for the weight per 100 seeds in 
the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 .7501 1.53 
Phosphorus (P) 2 1.3337 2.74+ 
Error (a) 4 .4858 
Inoculation (I) 1 .7008 3.28+ 
P X I 2 .5678 2.65+ 
Error (b) 6 .2141 
Varieties (V) 5 110.9630 395.42** 
P X V 10 .1955 zi 
V X I 5 .0573 <1 
P X I X V 10 .1622 <1 
Error (c) 60 .2806 
Table A,18 Analysis of variance for the seed set in the 1965 
zone placed P study conducted at the Agronomy Farm 
at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 19860992. 6.34 
Phosphorus (P) 2 23020160. 7.35++ 
Error (a) 4 3134369. 
Inoculation (I) 1 8310. 
P X I 2 25435408. 2.76+ 
Error (b) 6 9229594. 
Varieties (V) 5 333150208. 32.80** 
P X V 10 19063856. 1.88++ 
V X I 5 9737164. 1^ 
P X I X V 10 5889691. <1 
Error (c) 60 10156608. 
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Table A,19 Analysis of variance for the total dry matter at 
stage 7 in the zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa in 1965. 
Source d.f. Mean square F 
Blocks 2 744926.00 1.48 
Phosphorus (P) 2 976422.50 1.94 
Error (a) 4 502840.25 
Inoculation (I) 1 60825.46 <1 
P X I 2 24855.73 <1 
Error (b) 6 380733.31 
Varieties (V) 5 2812012.00 10.73** 
P X V 10 420661.00 1.61+ 
V X I 5 236822.75 61 
P X I X V 10 262852.50 1.00 
Error (c) 60 261970.12 
Table A.20 Analysis of variance for the nodules per plant in 
the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 883.0000 1.62 
Phosphorus (P) 2 2900.9980 5.35++ 
Error (a) 4 545.9160 
Inoculation (I) 1 996.1497 2.96+ 
P X I 2 389"1482 1.23 
Error (b) 6 335.0920 
Varieties (V) 5 4859.2422 15.36** 
P X V 10 122.3778 
V X I 5 275.1035 1^ 
P X I X V 10 143.7032 <•1 
Error (c) 60 316.4041 
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Table A,21 Analysis of variance for the weight of nodules per 
plant in the 1965 zone placed P study conducted at 
the Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square 
Blocks 2 0.0130 CL 
Phosphorus (P) 2 0.0619 2 
Error (a) 4 0.0234 
Inoculation (I) 1 0.0082 <1 
P X I 2 0.0024 4.1 
Error (b) 6 0.0119 
Varieties (V) 5 0.0452 9, 
P X V 10 0.0030 <1 
V X I 5 0.0015 4.1 
P X I X V 10 0.0038 <1 
Error (c) 60 0.0048 
Table A.22 Analysis of variance for the percent N at stage 2 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.9352 3.02 
Phosphorus (P) 2 0.0536 41 
Error (a) 4 0.3095 
Inoculation (I) 1 0.2107 2.30+ 
P X I 2 0.1185 1.29 
Error (b) 6 0.0920 
Varieties (V) 5 0.1837 3.27* 
P X V 10 0.0492 
V X I 5 0.0612 1.09 
P X I X V 10 0.0620 1.10 
Error (c) 60 0.0561 
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Table A.23 Analysis of variance for the percent N at stage 3 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square 
Blocks 2 0.1751 <1 
Phosphorus (P) 2 0.0060 <1 
Error (a) 4 0.2366 
Inoculation (I) 1 0.0287 <-1 
P X I 2 0.0086 <1 
Error (b) 6 0.0812 
Varieties (V) 5 0.4688 9.45** 
P X V 10 0.0277 <1 
V X I 5 0.0566 1.14 
P X I X V 10 0.0430 <1 
Error (c) 60 0.0496 
Table A.24 Analysis of variance for the percent N at stage 5 
in the 1965 zone placed P study conducted at the 
Agronomy Faip at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.6919 17.08 
Phosphorus (P) 2 0.2439 6.02++ 
Error (a) 4 0.0405 
Inoculation (I) 1 0.0138 <1 
P X I 2 0.0112 <-1 
Error (b) 6 0.0465 
Varieties (V) 5 0.5432 17.07** 
P X V 10 0.0217 <1 
V X I 5 0.0195 1^ 
P X I X V 10 0.0247 CI 
Error (c) 60 0.0318 
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Table A.25 Analysis of variance for the percent N at stage 7 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1065 1.35 
Phosphorus (P) 2 0.0478 <1 
Error (a) 4 0.0786 
Inoculation (I) 1 0.0936 1.71+ 
P X I 2 0.0186 <1 
Error (b) 6 0.0548 
Varieties (V) 5 0.9776 36.85** 
P X V 10 0.0225 zl 
V X I 5 0.0346 1.30 
P X I X V 10 0.0457 1.72++ 
Error (c) 60 0.0265 
Table A.26 Analysis of variance for the percent N in the whole 
plants at stage 7 in the 1965 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0271 -^ 1 
Phosphorus (P) 2 0.0865 < 1  
Error (a) 4 0.1217 
Inoculation (I) 1 0.0356 1.55 
P X I 2 0.0001 < 1  
Error (b) 6 0.0229 
Varieties (V) 5 0.3527 13.07** 
P X V 10 0.0388 1.44+ 
V X I 5 0.0095 
P X I X V 10 0.0707 
* 
2.62^  
Error (c) 60 0.0270 
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Table A.27 Analysis of variance for the total N uptake at 
stage 7 in the 1965 zone placed P study conducted 
at the Agronomy Farm at Ames, Iowa. 
Source d.f Mean square F 
Blocks 2 385.6125 < 1  
Phosphorus (P) 2 536.8443 1.25 
Error (a) 4 429.4875 
Inoculation (I) 1 11.6685 <1 
P X I 2 32.2017 <1 
Error (b) 6 239.3406 
Varieties (V) 5 1644.8875 7.36** 
P X V 10 299.7883 1.34+ 
V X I 5 182.7952 <1 
P X I X V 10 223.6089 1.08 
Error (c) 60 241.4953 
Table A.28 Analysis of variance for the percent P at stage 2 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0125 <1 
Phosphorus (P) 2 0.5101 11.85* 
Error (a) 4 0.0432 
Inoculation (I) 1 0.0000 <.1 
P X I 2 0.0009 <1 
Error (b) 6 0.0070 
Varieties (V) 5 0.0034 2.02++ 
P X V 10 0.0062 3.67** 
V X I 5 0.0004 <1 
P X I X V 10 0.0036 2.13* 
Error (c) 60 0.0017 
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Table A.29 Analysis of variance for the percent P at stage 3 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f Mean square F 
Blocks 2 0.0071 61 
Phosphorus (P) 2 0.1872 22.60** 
Error (a) 4 0.0083 
Inoculation (I) 1 0.0009 1.33 
P X I 2 0.0008 1.21 
Error (b) 6 0.0007 
Varieties (V) 5 0.0032 3.20* 
P X V 10 0.0033 3.30** 
V X I 5 0.0010 <1 
P X I X V 10 0.0013 1.32+ 
Error (c) 60 0.0010 
Table A.30 Analysi s of variance for the percent P at stage 5 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0312 6.78 
Phosphorus (P) 2 0.0083 1.81 
Error (a) 4 0.0046 
Inoculation (I) 1 0.0005 41 
P X I 2 0.0016 <.1 
Error (b) 6 0.0031 
Varieties (V) 5 0.0190 20.71** 
P X V 10 0.0016 1.70 
V X I 5 0.0002 1^ 
P X I X V 10 0.0006 <.1 
Error (c) 60 0.0009 
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Table A»31 Analysis of variance for the percent P at stage 7 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean squares 
Blocks 2 0.0030 15.0 
Phosphorus (P) 2 0.0021 11.7 
Error (a) 4 0.0002 
Inoculation (I) 1 0.0000 <1 
P X I 2 0,0006 1.12 
Error (b) 6 0.0005 
Varieties (V) 5 0.0527 132.02** 
P X V 10 0.0003 <1 
V X I 5 0.0001 <1 
P X I X V 10 0.0006 1.62+ 
Error (c) 60 0.0004 
Table A.32 Analysis of variance for the percent P in the whole 
plant at stage 7 in the 1965 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa, 
Source d.f. Mean squares F 
Blocks 2 0.0011 <1 . 
Phosphorus (P) 2 0.0059 2.24+ 
Error (a) 4 0.0027 
Inoculation (I) 1 0.0001 <1 
P X I 2 0.0002 <1 
Error (b) 6 0.0014 
Varieties (V) 5 0.0263 37.92** 
P X V 10 0.0004 <1 
V X I 5 0.0002 -^ 1 
P X I X V 10 0.0003 <1 
Error (c) 60 0.0007 
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Table A.33 Analysis of variance for the total P uptake at stage 
- . 7 in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 2.5136 
Phosphorus (P) 2 25.3634 7.40++ 
Error (a) 4 3.4239 
Inoculation (I) 1 0.2601 <1 
P X I 2 0.1568 1^ 
Error (B) 6 3.5945 
Varieties (V) 5 16.2954 7.22** 
P X V 10 3.6119 1.60+ 
V X I 5 2.2947 1.02 
P X I X V 10 2.6678 1.18 
Error (c) 60 2.2564 
Table A.34 Analysis of variance for the percent K at stage 2 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames , Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0403 1.05 
Phosphorus (P) 2 0.1298 3.40+ 
Error (a) 4 0.0383 
Inoculation (I) 1 0.0080 1^ 
P X I 2 0.0090 
Error (b) 6 0.0594 
Varieties (V) 5 0.1973 13.00** 
P X V 10 0.0211 1.39+ 
V X I 5 0.0312 2.05++ 
P X I X V 10 0.0266 1.75++ 
Error (c) 60 0.0152 
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Table A.35 Analysis of variance for the percent K at stage 3 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f Mean square F 
Blocks 2 0.0843 3.48 
Phosphorus (P) 2 0.0170 41 
Error (a) 4 0.0242 
Inoculation (I) 1 0.0108 <1 
P X I 2 0.0417 1.29 
Error (b) 6 0.0323 
Varieties (V) 5 0.2797 22.62** 
P X V 10 0.0341 2.76** 
V X I 5 0.0099 < 1  
P X I X V 10 0.0013 <1 
Error (c) 60 0.0124 
Table A.36 Analysis of variance for the percent K at stage 5 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.5329 22.9 
Phosphorus (P) 2 0.0102 < 1 
Error (a) 4 0.0233 
Inoculation (I) 1 0.1021 3.81++ 
P X I 2 0.0191 < 1 
Error (b) 6 0.0268 
Varieties (V) 5 0.2799 19.84** 
P X V 10 0.0151 1.07 
V X I 5 0.0081 4.1 
P X I X V 10 0.0145 1.03 
Error (c) 60 0.0141 
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Table A, 37 Analysis of variance for the percent K at stage 7 
in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0581 41 
Phosphorus (P) 2 0.0397 1^ 
Error (a) 4 0.0670 
Inoculation (I) 1 0.0352 2.59+ 
P X I 2 0.0086 
Error (b) 6 0.0136 
Varieties (V) 5 1.6858 198.43** 
P X V 10 0.0086 1.01 
V X I 5 0.0149 1.75+ 
P X I X V 10 0.0050 <1 
Error (c) 60 0.0085 
Table A.38 Analysis of variance for the percent K in the whole 
plant at stage 7 in the 1965 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.2822 1.48 
Phosphorus (P) 2 0.0560 -«1 
Error (a) 4 0.1910 
Inoculation (I) 1 0.0015 <1 
P X I 2 0.0349 
Error (b) 6 0.0748 
Varieties (V) 5 0.9292 67.20** 
P X V 10 0.0210 1.52+ 
V X I 5 0.0124 -41 
P X I X V 10 0.0122 <1 
Error (c) 60 0.0138 
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Table A,39 Analysis of variance for the total K uptake at stage 
7 in the 1965 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 1104.6587 1.70 
Phosphorus (P) 2 694.4602 1.07 
Error (a) 4 650.1553 
Inoculation (I) I 56.4773 <1 
P X I 2 92.4871 <1 
Error (b) 6 206.8605 
Varieties (V) 5 1072.7656 8.34** 
P X V 10 234.9740 1.83++ 
V X I 5 139.1102 1.08 
P X I X V 10 129.4454 1.01 
Error (c) 60 128.5549 
Table A.40 Analysis of variance for the maturity date in the 
1965 zone placed P study conducted at the Agronomy 
Farm at Ames, Iowa» 
Source d.f. Mean square F 
Blocks 2 13.5092 2.16 
Phosphorus © 2 12.7038 2.03+ 
Error (a) 4 6.2593 
Inoculation (I) 1 14.8147 1.68+ 
P X I 2 8.2594 <1 
Error (b) 6 8.8611 
Varieties (V) 5 825.6147 88.67** 
P X V 10 8.1148 «61 
V X I 5 7.7482 1^ 
P X I X V 10 10.2259 1.10 
Error (c) 60 9.3115 
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Table A.41 Analysis of variance for the lodging score in the 
1965 zone placed P study conducted at the Agronomy 
Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.1204 <1 
Phosphorus (P) 2 0.4815 zl 
Error (a) 4 0.5093 
Inoculation (I) 1 2,0833 13.30* 
P X I 2 0.4444 2.82+ 
Error (b) 6 0.1574 
Varieties (V) 5 12.3426 29,89** 
P X V 10 0.5481 1.33+ 
V X I 5 0.1056 
P X I X V 10 0.3333 
Error (c) 60 0.4130 
Table A.42 Analysis of variance for the seed yield in the 1966 
zone placed P study conducted at the Agronomy Farm 
at Ames, Iowa, 
























Table A.43 Analysis of variance for the weight per 100 seeds 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 1.3677 
Varieties (V) 5 48.9346 21.6** 
Error (a) 10 2.2542 
Phosphorus (P) 4 0.4696 <1 . 
P X V 20 0.9319 1.54+ 
Error (b) 48 0.6053 
Table A.44 Analysis of variance for the seed set in the 1966 
zone placed P study conducted at the Agronomy Farm 
at Ames, Iowa, 
























Table A.45 Analysis of variance for the total dry matter at 
stage 7 in the 1966 zone placed P study conducted 
at the Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square 
Blocks 2 716174.5000 
Varieties (V) 5 384447.7500 
Error (a) 10 607208.0000 
Phosphorus (P) 4 448553.2500 
P X V 20 833891.8125 





Table A.46 Analysis of variance for the percent N at stage 2 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
























Table A.47 Analysis of variance for the percent N at stage 3 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0,0528 1.86 
Varieties (V) 5 0,3628 12.8** 
Error (a) 10 0,0283 
Phosphorus (P) 4 0.0376 1.66+ 
P X V 20 0.0240 1.06 
Error (b) 48 0.0227 
Table A.48 Analysis of variance for the percent N at stage 5 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
























Table A.49 Analysis of variance for the percent N at stage 7 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0018 <1 
Varieties (V) 5 1.1672 36.6 
Error (a) 10 0.0318 
Phosphorus (P) 4 0.1155 3.18* 
P X V 20 0.0300 <1 
Error (b) 48 0.0364 
Table A,50 Analysis of variance for the percent N in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1282 1.73 
Varieties (V) 5 0.3164 4.30* 
Error (a) 10 0.0739 
Phosphorus (P) 4 0.0139 <1 
P X V 20 0.0170 <1 
Error (b) 48 0.0254 
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Table A.51 Analysis of variance for the total N uptake at stage 
7 in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 1476.2539 3.02 
Varieties (V) 5 747.2788 1.53 
Error (a) 10 489.0640 
Phosphorus (P) 4 222.9360 <1 
P X V 20 573.8130 1.47+ 
Error (b) 48 391.1677 
Table A.52 Analysis 
the 1966 
Agronomy 
of variance for the 
zone placed P study 
Farm at Ames, Iowa, 
nodules per plant in 
conducted at the 
























Table A.53 Analysis of variance for the nodule weight per 
plant in the 1966 zone placed P study conducted at 
the Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 1 0.0074 <1 
Varieties (V) 5 0.0673 1.46 
Error (a) 5 0.0464 
Phosphorus (P) 4 0.1281 6.47** 
P X V 20 0.0295 1.49+ 
Error (b) 24 0.0198 
Table A.54 Analysis of variance for the percent P at stage 2 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
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Table A.55 Analysis of variance for the percent P at stage 3 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0002 
Varieties (V) 5 0.0068 <1 
Error (a) 10 0.0008 
Phosphorus (P) 4 0.0132 37.37** 
P X V 20 0.0002 -cl 
Error (b) 48 0.0004 
Table A.56 Analysis of variance for the percent P at stage 5 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
























Table A.57 Analysis of variance for the percent P at stage 7 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0000 <1 
Varieties (V) 5 0.0086 31.9** 
Error (a) 10 0.0003 
Phosphorus (P) 4 0.0365 143.10** 
P X V 20 0.0006 2.30** 
Error (b) 48 0.0003 
Table A.58 Analysis of variance for the percent P in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa* 
























Table A.59 Analysis of variance for the total P uptake at stage 
7 in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 4.2163 41 
Varieties (V) 5 2.5744 <1 
Error (a) 10 5.0401 
Phosphorus (P) 4 40.8832 17.12** 
P X V 20 2.9265 1.23 
Error (b) 48 2.3887 
Table A.60 Analysis of variance for the percent K at stage 2 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
























Table A.57 Analysis of variance for the percent P at stage 7 
in the 1966 zone placed P study conducted at the 
Agronomy Farm, at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0000 <1 
Varieties (V) 5 0.0086 31.9** 
Error (a) 10 0.0003 
Phosphorus (P) 4 0.0365 143.10** 
P X V 20 0.0006 2.30** 
Error (b) 48 0.0003 
Table A.58 Analysis of variance for the percent P in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa, 
























Table A.59 Analysis of variance for the total P uptake at stage 
7 in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 4.2163 Z1 
Varieties (V) 5 2.5744 <1 
Error (a) 10 5.0401 
Phosphorus (P) 4 40.8832 17.12** 
P X V 20 2.9265 1.23 
Error (b) 48 2.3887 
Table A.60 Analysis of variance for the percent K at stage 2 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa, 
























Table A.61 Analysis of variance for the percent K at stage 3 
in the 1966 zone placed P study conducted at the 
Agronomy Fam at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1084 <1 
Varieties (V) 5 0.2249 9.0** 
Error (a) 10 0.0249 
Phosphorus (P) 4 0.0363 2.31++ 
P X V 20 0.0163 1.03 
Error (b) 48 0.0157 
Table A.62 Analysis of variance for the percent K at stage 5 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A.63 Analysis of variance for the percent K at stage 7 
in the 1966 zone placed P study conducted at the 
Agronomy Farm at Ames, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1010 7.1** 
Varieties (V) 5 0.1013 7.1** 
Error (a) 10 0.0142 
Phosphorus (P) 4 0.0184 2.69* 
P X V 20 0.0055 1^ 
Error (b) 48 0.0068 
Table A.64 Analysis of variance for the percent K in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Agronomy Farm at Ames, Iowa, 
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Table A,65 Analysis of variance for the total K uptake at stage 
7 in the 1966 zone placed. P study conducted at the 
Agronomy Farm at Ames, Iowa, 
Source d.f. Mean square F 
Blocks 2 119.6295 
Varieties (V) 5 90.2773 <1 
Error (a) 10 282.5176 
Phosphorus (P) 4 201.8310 <1 
P X V 20 218.8512 1.04 
Error (b) 48 211.2507 
Table A.66 Analysis of variance for the seed yield in the 1966 
zone placed P study conducted at the Carrington-
Clyde Experimental Farm at Independence, Iowa. 
























Table A,67 Analysis of variance for the weight per 100 seeds 
in the 1966 zone placed P study conducted at the 
Garrington-Glyde Experimental Farm at Independence, 
Iowa, 
Source d.f. Mean square 
Blocks 2 1.4420 
Varieties (V) 5 91.1530 
Error (a) 10 0.4856 
Phosphorus (P) 4 0.6957 
P X V 20 0.6284 




1.58 + + 
Table A.68 Analysis of variance for the seed set in the 1966 
zone placed P study conducted at the Garrington-
Glyde Experimental Farm at Independence, Iowa. 
Source d.f. Mean square F 
Blocks 2 85474864.0 2.08 
Varieties (V) 5 1208119296.0 29.4** 
Error (a) 10 41172288.0 
Phosphorus (P) 4 83983488.0 4.29** 
P X V 20 20537328.0 1.05 
Error (b) 48 19557424.0 
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Table A,69 Analysis of variance for the total dry matter at 
stage 7 in the 1966 zone placed P study conducted 
at the Garrington-Clyde Experimental Farm at 
Independence, Iowa. 
Source d.f. Mean square F 
Blocks 2 9839840.0000 4.13 
Varieties (V) 5 1418049.0000 <1 
Error (a) 10 2380728.0000 
Phosphorus (P) 4 2624222.0000 5.18** 
P X V 20 279797.3750 
Error (b) 48 506159.6250 
Table A,70 Analysis of variance for the percent N at stage 2 
in the 1966 zone placed P study conducted at the 
Garrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A.71 Analysis of variance for the percent N at stage 3 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square F 
Blocks 2 0.2847 4.98 
Varieties (V) 5 0.0914 1.59 
Error (a) 10 0.0572 
Phosphorus (P) 4 0.0517 2.09++ 
P X V 20 0.0279 1.13 
Error (b) 48 0.0247 
Table A,72 Analysis of variance for the percent N at stage 5 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square F 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 
Error (b) 48 







Table A.73 Analysis of variance for the percent N at stage 7 
in the 1966 zone placed P study conducted at the 
Garrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square 
Blocks 2 0.1775 
Varieties (V) 5 0.1521 
Error (a) 10 0.0312 
Phosphorus (P) 4 0.0165 
P X V 20 0.0215 





Table A.74 Analysis of variance for the percent N in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Carrington-Clyde Experimental Farm 
at Independence, Iowa. 
























Table A.75 Analysis of variance for the total N uptake at 
stage 7 in the 1966 zone placed P study conducted 
at the Carrington-Clyde Experimental Farm at 
Independence, Iowa. 
Source d.f. Mean square F 
Blocks 2 6465.8828 3,41 
Varieties (V) 5 2082.8623 1.1 
Error (a) 10 1895.5964 
Pho sphorus (P ) 4 1677.9414 2.95* 
P X V 20 466.1160 <1 
Error (b) 48 568.8452 
Table A.76 Analysis of variance for the nodules per plant in 
the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa. 
























Table A.77 Analysis of variance for the nodule weight per 
plant in the 1966 zone placed P study conducted at 
the Carrington-Clyde Experimental Farm at 
Independence, Iowa. 
Source d.f. Mean square F 
Blocks 1 0.1040 <1 
Varieties (V) 5 0.3679 1.34 
Error (a) 5 0.2735 
Phosphorus (P) 4 0.3586 3.19 
P X V 20 0.0910 <1 
Error (b) 24 0.1123 
Table A.78 Analysis of variance for the percent P at stage 2 
in the 1966 zone placed P study conducted at the 
Carrington-Glyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 
Error (b) 48 







Table A.79 Analysis of variance for the percent P at stage 3 
in the 1966 zone placed P study conducted at the 
Carrington-Glyde Experimental Farm at Independence, 
Iowa, 
Source d.f. Mean square 
Blocks 2 0.0030 3.75 
Varieties (V) 5 0.0005 <1 
Error (a) 10 0.0008 
Phosphorus (P) 4 0.0119 22.12** 
P X V 20 0.0004 < 1  
Error (b) 48 0.0005 
Table A.80 Analysis of variance for the percent P at stage 5 
in the 1966 zone placed P study conducted at the 
Carrington-Glyde Experimental Farm at Independence, 
Iowa, 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 




Pho sphorus (P) 4 
P X  V 20 







Table A.81 Analysis of variance for the percent P at stage 7 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0003 <1  ^
Varieties (V) 5 0.0016 3.81* 
Error (a) 10 0.0004 
Phosphorus (P) 4 0.0009 4.11** 
P X V 20 0.0003 1.44+ 
Error (b) 48 0.0002 
Table A,82 Analysis of variance for the percent P in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Carrington-Clyde Experimental Farm 
at Independence, Iowa. 

























Table A.83 Analysis of variance for the total P uptake at 
stage 7 in the 1966 zone placed P study conducted 
at the Carrington-Clyde Experimental Farm at 
Independence, Iowa. 
Source d.f. Mean square F 
Blocks 2 74.7806 3.30 
Varieties (V) 5 34.3223 2.36++ 
Error (a) 10 14.4812 
Phosphorus (P) 4 53.6251 11.20** 
P x V 20 2.6378 <1 
Error (b) 48 4.7869 
Table A.84 Analysis of variance for the percent K at stage 2 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P x V 20 








Table A.85 Analysis of variance for the percent K at stage 3 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Fann at Independence, 
Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0215 <1 
Varieties (V) 5 0.1229 2.09 
Error (a) 10 0.0590 
Phosphorus (P) 4 0.0353 2.28++ 
P X V 20 0.0247 1.59++ 
Error (b) 48 0.0155 
Table A. 86 Analysis of variance for the percent K at stage 5 
in the 1966 zone placed P study conducted at the 
Garrington-Clyde Experimental Farm at Independence, 
Iowa. 
























Table A.87 Analysis of variance for the percent K at stage 7 
in the 1966 zone placed P study conducted at the 
Carrington-Clyde Experimental Farm at Independence, 
Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0418 1.46 
Varieties (V) 5 0.1619 5.66** 
Error (a) 10 0.0286 
Phosphorus (P) 4 0.0243 1.33 
P X V 20 0.0233 1.27+ 
Error (b) 48 0.0183 
Table A.88 Analysis of variance for the percent K in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Carrington-Clyde Experimental Farm 
at Independence, Iowa, 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X  V 20 








Table A,89 Analysis of variance for the total K uptake at 
stage 7 in the 1966 zone placed P study conducted 
at the Carrington-Clyde Experimental Farm at 
Independence, Iowa, 
Source d.f. Mean square F 
Blocks 2 2648.7031 1.59 
Varieties (V) 5 2354.8225 1.50 
Error (a) 10 1564.0178 
Phosphorus (P) 4 907.3423 2.54++ 
P X V 20 191.2437 < 1  
Error (b) 48 356.7290 
Table A.90 Analysis of variance for the seed yield in the 1966 
zone placed P study conducted at the Clarion-
Webster Experimental Farm at Kanawha, Iowa. 

























Table A.91 Analysis of variance for the weight per 100 seeds 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 























Table A.92 Analysis of variance for the seed set in the 1966 
zone placed P study conducted at the Clarion-
Webster Experimental Farm at Kanawha, Iowa. 

























Table A. 93 Analysis of variance for the total dry matter at 
stage 7 in the 1966 zone placed P study conducted 
at the Clarion-Webster Experimental Farm at 
Kan awha, Iowa. 
Source d.f. Mean squares F 
Blocks 2 1916.2544 <1  ^
Varieties (V) 5 1589820.0000 3.59* 
Error (a) 10 443361.0625 
Phosphorus (P) 4 748467.7500 1.31 
P X V 20 400720.7500 <1 
Error (b) 48 572466.3125 
Table A.94 Analysis of variance for the percent N at stage 2 
in the 1965 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Source d.f. Mean squares F 
Blocks 2 0.4692 19.79 
Varieties (V) 5 0.9945 41.9** 
Error (a) 10 0.0237 
Phosphorus (P) 4 0.0973 1.96+ 
P X V 20 0.0390 <1 
Error (b) 48 0.0497 
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Table A.95 Analysis of variance for the percent N at stage 3 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.3639 9.55 
Varieties (V) 5 0.3957 10.4** 
Error (a) 10 0.0381 
Phosphorus (P) 4 0.0571 2.03++ 
P X V 20 0.0113 <1 
Error (b) 48 0.0281 
Table A.96 Analysis of variance for the percent N at stage 5 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
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Table A.97 Analysis of variance for the percent N at stage 7 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1260 1.07 
Varieties (V) 5 0.4067 3.45* 
Error (a) 10 0.1180 
Phosphorus (P) 4 0.1475 5.06** 
P X V 20 0.0357 1.23 
Error (b) 48 0.0291 
Table A. 98 Analysis of variance for the percent N in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Clarion-Webster Experimental Farm 
at Kanawha, Iowa, 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A.99 Analysis of variance for the total N uptake at 
stage 7 in the 1965 zone placed P study conducted 
at the Clarion-Webster Experimental Farm at Kanawha, 
Iowa. 
Source d.f. Mean square F 
Blocks 2 119.4920 <1 
Varieties (V) 5 1545.4202 3.31* 
Error (a) 10 468.3152 
Phosphorus (P) 4 1630.0615 4.11** 
P X V 20 274.2344 <1 
Error (b) 48 396.1631 
Table A. 100 Analysis of variance for the nodules per plant in 
the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa, 
Source d.f. Mean square 
Blocks 1 
Varieties (V) 5 
Error (a) 5 
Phosphorus (P) 4 
P X V 20 








Table A.101 Analysis of variance for the weight of nodules per 
plant in the 1966 zone placed P study conducted at 
the Clarion-Webster Experimental Farm at Kanawha, 
Iowa. 
Source d.f. Mean square F 
Blocks 1 0.1586 < 1  
Varieties (V) 5 0.0289 < 1  
Error (a) 5 0.3492 
Phosphorus (P) 4 0.4251 3.95** 
P X V 20 0.1426 1.33+ 
Error (b) 24 0.1076 
Table A. 102 Analysis of variance for the percent P at stage 2 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa, 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A.103 Analysis of variance for the percent P at stage 3 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0035 5.00 
Varieties (V) 5 0.0030 4.53* 
Error (a) 10 0.0007 
Phosphorus (P) 4 0.1146 173.64** 
P X V 20 0.0009 1.37+ 
Error (b) 48 0.0007 
Table A.104 Analysis of variance for the percent P at stage 5 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
























Table A.105 Analysis of variance for the percent P at stage 7 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.0001 <1 
Varieties (V) 5 0.0017 2.44 
Error (a) 10 0.0007 
Phosphorus (P) 4 0.0523 362.3** 
P X V 20 0.0001 -<1 
Error (b) 48 0.0001 
Table A,106 Analysis of variance for the percent P in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Clarion-Webster Experimental Farm 
at Kanawha, Iowa, 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A.107 Analysis of variance for the total P uptake at 
stage 7 in the 1966 zone placed study of P 
conducted at the Clarion-Webster Experimental 
Farm at Kanawha, Iowa. 
Source d.f. Mean square F 
Blocks 2 4.1524 zl 
Varieties (V) 5 3.1559 <1 
Error (a) 10 8.9369 
Phosphorus (P) 4 252.7000 45.62** 
P X V 20 2.8207 <1 
Error (b) 48 5.5397 
Table A,108 Analysis of variance for the percent K at stage 2 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
























Table A.109 Analysis of variance for the percent K at stage 3 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
Source d.f. Mean square F 
Blocks 2 0.1849 5.87 
Varieties (V) 5 0.1617 5.11* 
Error (a) 10 0.0315 
Phosphorus (P) 4 0.0052 'C.l 
P X V 20 0.0172 <-1 
Error (b) 48 0.0178 
Table A.110 Analysis of variance for the percent K at stage 5 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa. 
























Table A,111 Analysis of variance for the percent K at stage 7 
in the 1966 zone placed P study conducted at the 
Clarion-Webster Experimental Farm at Kanawha, Iowa, 
Source d.f. Mean square F 
Blocks 2 0.0803 8,03 
Varieties (V) 5 0,3804 38,1** 
Error (a) 10 0.0100 
Phosphorus (P) 4 0,0933 4,54** 
P X V 20 0,0438 2,13* 
Error (b) 48 0,0205 
Table A.112 Analysis of variance for the percent K in the whole 
plant at stage 7 in the 1966 zone placed P study 
conducted at the Clarion-Webster Experimental Farm 
at Kanawha, Iowa. 
Source d.f. Mean square 
Blocks 2 
Varieties (V) 5 
Error (a) 10 
Phosphorus (P) 4 
P X V 20 








Table A,113 Analysis of variance for the total K uptake at 
stage 7 in the 1966 zone placed P study conducted 
at the Clarion-Webster Experimental Farm at 
Kanawha, Iowa, 
Source d.f. Mean square F 
Blocks 2 107.7090 <1 
Varieties (V) 5 381.9111 1.08 
Error (a) 10 353.0581 
Phosphorus (P) 4 360.2896 2.25++ 
P X V 20 197.6134 1.23 
Error (b) 48 160.4268 
Table A.114 Analysis of variance for the mean seed yield of 
the three experimental locations in the 1966 zone 
placed P study. 
Source d.f. Mean square F 
Sites (S) 2 297.1882 71.1** 
Blocks/Sites 6 7.4118 1.78 
Varieties (V) 5 159.0966 39.5** 
S X V 10 30.1000 7.24** 
Error (a) 30 4.1602 
Phosphorus (P) 4 95.3956 26.4** 
P X V 20 1.4767 <1 
S X P 8 10.1929 5.82** 
S X V X P 40 1.7005 <1 
Error (b) 144 1.7500 
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Table A,115 Analysis of variance for the mean weight per 100 
seeds of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 407.7913 401.7** 
Blocks/Sites 6 1.3357 1.31 
Varieties (V) 5 204.8520 202.0** 
S X V 10 9.6324 9.47** 
Error (a) 30 1.0163 
Phosphorus (P) 4 3.3456 8.02** 
P X V 20 1.1669 2.80** 
S X P 8 1.973a 4.73** 
S X V X P 40 0.6750 1.62** 
Error (b) 144 0.4167 
Table A.116 Analysis of variance for the mean seed set of the 
three experimental locations in the 1966 zone 
placed P study. 
Source d.f. Mean square F 
Sites (S) 2 1113605120.0 47.0** 
Blocks/Sites 6 37047776.0 1.57 
Varieties (V) 5 1838473216.0 77.8** 
S X V 10 3728685908.0 157.8** 
Error (a) 30 23628640.0 
Phosphorus (P) 4 495120128.0 255.3** 
P X V 20 20103632.0 10.36** 
S X P 8 39829248.0 20.54** 
S X V X P 40 13723654.0 7.08** 
Error (b) 144 1939519.0 
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Table A.117 Analysis of variance for the mean dry matter at 
stage 7 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 3333839.0 2.91++ 
Blocks/Sites 6 3519309.0 <1 
Varieties (V) 5 1170064.0 1.02 
S X V 10 11345710.0 <1 
Error (a) 30 1143763.0 
Phosphorus (P) 4 2446556.0 4.68** 
P X V 20 485806.0 <1 
S X P 8 687333.0 1.31 
S X V X P 40 514302.0 <1 
Error (b) 144 522914.0 
Table A.118 Analysis of variance for the mean nodules per 
plant of the three experimental locations in the 
1966 zone placed P study. 
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Table A. 119 Analysis of variance for the mean nodule weight per 
plant of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 5.0841 22.9** 
Blocks/Sites 3 0.0900 <1 
Varieties (V) 5 0.1594 <1 
S X V 10 0.1523 <1 
Error (a) 15 0.2231 
Phosphorus (P) 4 0.4240 5.31** 
P X V 20 0.0888 1.11 
S X P 8 0.2439 3.05** 
S X V X P 40 0.0871 1.09 
Error (b) 72 0.0799 
Table A. 120 Analysis of variance for the mean percent N at 
stage 2 of the three experimental locations in 
the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 19.5780 233.0** 
Blocks/Sites 6 0.9752 11.5** 
Varieties (V) 5 1.1448 13.6** 
S X V 10 0.2314 2.73* 
Error (a) 30 0.0849 
Phosphorus (P) 4 0.0810 1.49 
P X V 20 0.0774 1.42++ 
S X P 8 0.0887 1.63 
S X V X P 40 0.0501 <1 
Error (b) 144 0.0545 
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Table A,121 Analysis of variance for the mean percent N at 
stage 3 of the three experimental locations in 
the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (s) 2 6.4831 157.5** 
Blocks/Sites 6 0.2338 5.67** 
Varieties (V) 5 0.6780 16.4** 
S X V 10 0.0861 2.09++ 
Error (a) 30 0.0412 
Phosphorus (P) 4 0.0356 1.41 
P X V 20 0.0207 <1 
S X P 8 0.0554 2.19* 
S X V X P 40 0.0213 <1 
Error (b) 144 0.0252 
Table A.122 Analysis of variance for the mean percent N at 
stage 5 of the three experimental locations in 
the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 7.7562 193.0** 
Blocks/Sites 6 0.1063 2.64* 
Varieties (V) 5 0.9815 24.4** 
S X V 10 0.0807 2.01++ 
Error (a) 30 0.0402 
Phosphorus (P) 4 0.0249 <1 
P X V 20 0.0538 1.73* 
S X P 8 0.0364 1.17 
S X V X P 40 0.0257 <1 
Error (b) 144 0.0311 
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Table A.123 Analysis of variance for the mean percent N at 
stage 5 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 9.8323 164.0** 
Blocks/Sites 6 0.1018 1.69 
Varieties (V) 5 1.3117 21.8** 
S X V 10 0.2089 3.46** 
Error (b) 30 0.0603 
Phosphorus (P) 4 0.1755 4.62** 
P X V 20 0.0316 <1 
S X P 8 0.0521 1.37 
S X V X P 40 0.0278 <1 
Error (b) 144 0.03798 
Table A.124 Analysis of variance for the mean percent N in the 
whole plant at stage 7 of the three experimental 
locations in the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 4.1945 75.8** 
Blocks/Sites 6 0.1350 2.44* 
Varieties (V) 5 0.7780 14.0** 
S X V 10 0.0583 1.05 
Error (a) 30 0.0554 
Phosphorus (P) 4 0.0260 1.04 
P X V 20 0.0263 1.06 
S X P 8 0.0937 3.76** 
S X V X P 40 0.0312 1.25 
Error (b) 144 0.0249 
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Table A,125 Analysis of variance for the mean total N uptake at 
stage 7 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 6392.5430 6.69** 
Blocks/Sites 6 2687.2075 2.83* 
Varieties (V) 5 2439.4280 2.50* 
S x V 10 966.1010 1.02 
Error (a) 30 950.9849 
Phosphorus (P) 4 2603.4746 5.76** 
P X V 20 469.7473 1.04 
S X P 8 463.7251 1.03 
S X V X P 40 422.2024 <1 
Error (b) 144 451.8910 
Table A. 126 Analysis of variance for the mean percent P at 
stage 2 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 0.5727 167.5** 
Blocks/Sites 6 0.0055 1.62 
Varieties (V) 5 0.0192 5.64** 
S X V 10 0.0029 <1 
Error (a) 30 0.0034 
Phosphorus (P) 4 0.4839 268.8** 
P X V 20 0.0049 2.72** 
S X P 8 0.0604 33.56** 
S X V X P 40 0.0015 <1 
Error (b) 144 0.0018 
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Table A,127 Analysis of variance for the mean percent P at 
stage 3 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 0.1261 167.5** 
Blocks/Sites 6 0.0022 2.75* 
Varieties (V) 5 0.0069 9.14** 
S X V 10 0.0016 2.00* 
Error (a) 30 0.0008 
Phosphorus (P) 4 0.1037 207.4** 
P X V 20 0.0008 1.60* 
S X P 8 0.0180 36.0** 
S X V X P • 40 0.0003 -41 
Error (b) 144 0.0005 
Table A.128 Analysis of variance for the mean percent P at 
stage 5 of the three experimental locations in the 
1966 zone placed P study. 
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Table A, 129 Analysis of variance for the mean percent P at 
stage 7 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 0.1486 324.0** 
Blocks/Sites 6 0.0001 <1 
Varieties (V) 5 0.0062 13.4** 
S X V 10 0.0029 5.80** 
Error (a) 30 0.0005 
Phosphorus (P) 4 0.0654 320.6** 
P X V 20 0.0004 2.06** 
S X P 8 0.0122 59.77** 
S X V X P 40 0.0003 1.50* 
Error (b) 144 0.0002 
• 
Table A. 130 Analysis of variance for the mean percent P in the 
whole plant at stage 7 of the three experimental 
locations in the 1966 zone place P study. 
Source d.f. Mean square F 
Sites (S) 2 0.2907 180.0** 
Blocks/Sites 6 0.0010 <1 
Varieties (V) 5 0.0037 2.25++ 
S X V 10 0.0021 1.29 
Error (a) 30 0.0016 
Phosphorus (P) 4 0.0729 119.12** 
P X V 20 0.0004 <1 
S X P 8 0.0139 22.71** 
S X V X P 40 0.0007 1.11 
Error (b) 144 0.0006 
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Table A.131 Analysis of variance for the mean total P uptake 
at stage 7 of the three experimental locations in 
the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 684.4854 72.3** 
Blocks/Sites 6 27.7164 2.92* 
Varieties (V) 5 16.2599 1.72 
S X V 10 11.8963 1.24 
Error (a) 30 9.4860 
Phosphorus (P) 4 280.1125 66.09** 
P X V 20 1.4292 <1 
S X P 8 33<5481 7.92** 
S X V X P 40 3.4779 <1 
Error (b) 144 4,2382 
Table A.132 Analysis of variance for the mean percent K at 
stage 2 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f, Mean square 
Sites (S) 2 6.0064 
Blocks/Sites 6 0.1310 
Varieties (V) 5 0.3315 
S X V 10 0.0621 
Error (a) 30 0.0531 
Phosphorus (P) 4 0.0573 
P X V 20 0.0307 
S X P 8 0.0120 
S X V X P 40 0.0247 










Table A.133 Analysis of variance for the mean percent K at 
stage 3 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f, Mean square 
Sites (S) 2 3.9004 101.5** 
Blocks/Sites 6 0.1049 2.73*+ 
Varieties (V) 5 0.4313 11.25 
S X V 10 0.0391 1.02 
Error (a) 30 0.0384 
Phosphorus (P) 4 0.0573 3.50** 
P X V 20 0.0236 1.44++ 
S X P 8 0.0097 <1 
S X V X P 40 0.0173 1.06 
Error (b) 144 0.0163 
Table A.134 Analysis of variance for the mean percent K at 
stage 5 of the three experimental locations in the 
1966 sone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 2. 3513 81, 
.9*1 
Blocks/Sites 6 0. 1101 3. 
Varieties (V) 5 0. 2281 7, ,96** 
S X V 10 0, 0420 1. ,46 
Error (a) 30 0. 0288 
Phosphorus (P) 4 0. 0355 3. 01** 
P X V 20 0. 0107 <1 
S X V 8 0. 0212 1. 79++ 
S X V X P 40 0, .0100 <1 
Error (b) 144 0. ,0118 
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Table A.135 Analysis of variance for the mean percent K at 
stage 7 of the three experimental locations in the 
1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 2.5596 145.5** 
Blocks/Sites 6 0.0744 4.23** 
Varieties (V) 5 0.3736 21.2** 
S x V 10 0.1350 7.69** 
Error (a) 30 0.0176 
Phosphorus (P) 4 0.0292 1.92++ 
P X V 20 0.0213 1.40 
S x V 8 0.0534 3.51** 
S X V X P 40 0.0257 1.69** 
Error (b) 144 0.0152 
Table A.136 Analysis of variance for the mean percent K in the 
whole plant at stage 7 of the three experimental 
locations in the 1966 zone placed P study. 
Source d.f. Mean square F 
Sites (S) 2 14.5590 90.5** 
Blocks/Sites 6 0.2217 1.37 
Varieties (V) 5 0.2812 1.74 
S X V 10 0.1800 1.11 
Error (a) 30 0.1618 
Phosphorus (P) 4 0.0540 1.30 
P X V 20 0.0526 1.27 
S X P 8 0.0785 1.89++ 
S X V X P 40 0.0316 <1 
Error (b) 144 0.0415 
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Table A,137 Analysis of variance for the mean total K uptake 
at stage 7 of the three experimental locations in 
the 1966 zone placed P study. 
Source d.f. Mean square 
Sites (S) 2 30537.9688 41.7** 
Blocks/Sites 6 958.6802 1.31 
Varieties (V) 5 1087.4358 1.46 
S X V 10 869.7866 1.18 
Error (a) 30 733.1946 
Phosphorus (P) 4 986.7791 4.06* 
P X V 20 157.5558 <1 
S X P 8 241.3405 <1 
S X V X P 40 225.0758 




Table B.I The monthly rainfall as recorded at the Agronomy 
Farm at Ames, Iowa in 1965 and 1966, 
Rainfall (inches 
Year April May June July August September 
1965 5.45 4.68 4.60 1.60 2.76 7.23 
1966 1.07 4.81 8.56 1.28 2.03 0.25 
Normal 2.82 4.32 5.28 3.88 3.91 3.26 
Table B.2 The monthly rainfall as recorded at the Carrington-
Clyde Experimental Farm at Independence, Iowa in 
1966. 
Rainfall (inches) 
Year April May June July August September 
1966 2.56 3.41 9.13 4.88 4.65 0.83 
Normal 3.24 4.24 4.10 4.41 3.29 3.78 
Table B.3 The monthly rainfall as recorded at the Clarion-
Webster Experimental Farm at Kanawha, Iowa in 1966. 
Rainfall (inches) 
Year April May June July August September 
1966 
Normal 
1.56 
2.23 
3.04 
4.11 
5.52 
5.06 
4.03 
3.42 
2.08 
3.86 
0.70 
3.21 

